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INTRODUCTION 


1.      Preliminary;  In  the  study  of  reinforced  concrete, A. 

Considers    was  one  of  the  earliest  investigators  who  saw  some  of  its 

latent  possibilities  and  carried  out  experiments  to  deduce  laws  and 

t 

formulas.      One  of  the  problems  upon  which  Considere  worked  was  spir- 
ally  reinforced  columns.     Since  the  time  of  Considere  there  have  been 
a  large  number  of  experiments  made  to  determine  the  factors  that  shou! 
enter  into  the  correct  design  of  a  reinforced  concrete  column.  A 
great  many  tests  have  been  made  at  the  University  of  Illinois  and 
much  valuable  information  has  been  accumulated. 

However, in  nearly  all  of  this  work, the  experiments  have  been 
made  with  the  load  applied  concentrically , that  is^with  the  center  of 
pressure  of  the  applied  load  passing  through  the  central  axis  of  the 
column.      The  only  data  upon  tests  with  a  load  applied  other  than 
tlss  is  the  report  of  a  series  of  tests  by  Prof  .M.O .Wi they 

The  lack  of  information  upon  the  action  of  columns  eccentricall; 
loaded  is  due  principally  to  two  reasons.  FiBst,the  assumption  has 
been  frequently  made  that  the  load  coming  upon  a  column  in  a  struc- 
ture is  centrally  applied;  it  has  been  usual  for  building  regulations 
to  contain  a  clause  relating  to  bending  moment  in  columns, but  this 
has  been  more  in  reference  to  a  condition  where  there  may  be  a  known 
eccentric  load.  It  is  only  recently  that  engineers  have  begun  to 
believe  it  necessary  to  have  a  more  accurate  knowledge  of  the  condi- 
tions existing  in  a  column  subjected  to  a  bending  stress  and  to  the 
conditions  under  which  this  bending  stress  may  be  present.  Second, 
there  has  been  so  little  known  about  columns  until  recently  that  it 
was  necessary  to  limit  the  variables  in  any  particular  test  as  much 
as  possible.      The  numerous  tests  that  have  been  made  have  given 
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information  about  the  action  of  a  column  under  load  that  makes  it 
possible  to  eliminate  most  of  the  variables, in  any  particular  test, 
so  that  it  may  be  definitely  known  just  what  causes  the  particular 
phenome no/7  that  is  being  investigated. 

It  is  hoped  that  this  thesis  will  furnish  information  about  the 
action  of  the  various  elements  of  a  reinforced  concrete  column  when 
it  is  subjected  to  an  eccentric  load. 

2.     Scope  of  Investigatio_n;  When  deciding  upon  the  tests 

to  be  undertaken,  it  was  found  desirable  to  investigate  two  main 
points, the  effect  of  length  and  the  effect  of  eccentricity  of  loading, 
Two  series  of  tests  were  therefore  planned, each  series  having  one  of 
these  points  as  the  main  item  to  be  covered.      In  planning  the  tests, 
the  two  series  were  considered  as  a  unit  and  the  specimens  were  de- 
signed with  a  view  of  having  a  (direct  comparison  between  them.  The 
specimens  in  each  of  the  series  were  exactly  alike  in  every  respect, 
except  for  the  longer  specimens  of  which  none  was  tested  in  this 

series.    For  the  series  on  effect  of  length  see  thesis  of  A. J. A. 
Anderson. 

The  purpose  of  this  investigation  is  to  determine  the  action 
of  reinforced  concrete  columns  when  the  load  is  applied  eccentrically. 
The  points  upon  which  it  was  expected  to  obtain  information  were;  the 
result  of  keeping  the  amount  of  spiral  reinforcement  constant  and 
varying  the  amount  of  longitudinal  reinforcement;  varying  the  spiral 
and  keeping  the  longitudinal  constant;  the  effect  of  length  upon  a 
column  when  it  is  eccentrically  loaded.      This  series  contains 
twenty-four  columns, in  four  combinations  of  reinforcement;  each  of 
these  combinations  consists  of  three  columns  in  both  the  5-ft.and 
the  10-ft .lengths.      The  way  in  which  the  reinforcement  is  combined 
is  given  under  "Specimens" , and  also  in  Table  VI      ,page    85  • 
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4.  Theoretical  Discussion;         There  are  four  factors  in  the 
reinforced  concrete  columns  of  this  series,  in  addition  to  the  plain   |j  • 

!i 

concrete, that  may  be  treated  mathematically?.       They    are     action  of 
longitudinal  reinforcement, action  of  spiral  reinf orceme nt, effect  of 
length, and  effect  of  eccentricity.     In  the  consideration  of  these 
factors  each  will  be  discussed  separately  as  well  as  their  effect 
upon  each  other. 

In  this  relation, the  simplest  case  that  can  occur  is  that  of  a 
very  shcr  t  column, of  homogeneous  material, and  one  in  which  no  bend- 
ing occurs.    The  expression  for  the  total  load  carried  by  a  column 
of  this  type  is  P  =  pA. 

vYhen  the  column  is  of   such  a  length  that  flexure  may  enter  intc 
the  failure, this  simple  formula  will  no  longer  apply  and  another 
must  be  used  in  which  the  effect  of  the  stiffness  of  the  material. 


■ 
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length, and  the  diameter  of  the  column, must  "be  taken  into  consider- 
for  long  columns 

ation.     The  formula/that  is  most  widely  known, and  which  is  based 
upon  theoretical  considerations, is  known  as  Euler's  Formula.  The 
derivation  of  this  is  given  in  all  the  standard  textbooks  on  Mech- 
anics.    In  its  general  form  it  is,P'   =  v^ff^l/l'^,   in  which  P*  is  the 
load  at  which  bending  begins, and  r  is  a  constant  depending  upon  the  | 
condition  of  fixity  of  the  ends. 

In  the  preceding  discussion  the  assumption  has  been  made  that 

i 

the  material  was  homogeneous.    This  condition, however , is  not  true  i 
for  a  reinforced  concrete  column.     It  will, therefore, be  necessary  to 
consider  the  strength  contributed  by  the  different  elements. 

The  expression  for  the  total  strength  of  a  reinforced  concrete 
column  may  therefore  be  written 

P  =        +  Pg  +  Pi   ---^  (1) 

in  which  P  is  the  total  load  carried  by  the  column;  Pc,that  portion 
carried  by  the  concrete;  P-j^,that  portion  carried  by  the  lon^^itudinal ' 
reinforcement  and  P„,that  due  to  the  action  of  the  spiral.     In  the 
derivation  of  the  expressions  for  the  above  quantities  the  following 
notation  will  be  used. 

P  =  applied  load 

p  r  unit  load  on  column 

d  z  diameter  of  column, out  to  out  of  spiral 

Pl  n  percentage  of  longitudinal  reinforcement 

2 

A  -  area  of  column  =  Tf  <^ 

4 

As:  total  area  of  longitudinal  reinforcement 

2 

Af,  s  net  area  of  concrete    =  tT^        ~  Ag 

"~4~ 
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=-percentage  of  spiral  reinforcement 
n    =  Es/Ec, ratio  of  modulus  of  elasticity  of  steel  to  that  of 
concrete 

=  Poisson's  ratio  for  concrete  - 
f^  3  unit  stress  in  the  longitudinal  reinforcement 
fg  r  unit  stress  in  the  spiral 
e     =  eccentricity 

c     tr  distance  from  neutral  axis  to  the  fibre  considered 
r„  r  least  radius  of  gyration  of  the  concrete 

-  least  radius  of  gyration  of  the  steel 
The  por t ion  carried the  concrete  is 

=    pAc  =  pA  (   1  -  Pi  )     (2) 

Portion  carried  by  the  longitudinal  re inf orcene  nt ;     the  total 
cross-sectional  area  of  the  longitudinal  reinforcement, expressed  as 
an  equivalent  concrete  area  is,       np^A.      Therefore  the  portion  of 
the  load  carried  by  the  longitudinal  reinforcement  is 

Fl  s  pnpQ^A  (  3) 

Portion  carried  by  the  spiral  reinforcement;    Wnen  a  load  is 
applied  to  a  plain  concrete  column  there  is  a  lateral  deformation 
that  varies  with  the  amount  of  the  applied  load.     If  the  column  is 
reinforced  by  a  spiral  so  as  to  reduce  the  amount  of  this  lateral 
deformation  there  will  be  an  increase  in  the  strength  of  the  column 
over  that  of  a  plain  one.     The  amount  of  this  increase  in  strength 
is  represented  by 


=  ^c 


1  jr  nps^-^. . 


nps  (  1  -  2/^)  +  2^ 
^    Johnson's  Materials  of  Construction, and  Turneaure  and  Maurer, 
Principles  of  Reinforced  Concrete  Construction, 2nd, Ed.  1912, p. 131. 
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This  formula     has  been       accepted  as  representing  the  action  of  the 
spiral  reinforcement  in  a  concrete  colunui  but  it  is  based  upon  the 
assumption  that  the  failure  of  a  column  is  due  to  shear.     It  does 
not  take  into  account  the  fact  that  while  the  shear  may  be  zero 
there  may  still  be  a  deformation  in  the  concrete .    There  is  a  possi- 
bility that  this  deformation  may  cause  failure, even  though  the  shear 
be  very  small. 

The  following  formula  for  the  additional  strength  due  to  the 
action  of  the  spiral  has  been  derived  in  which  no  assumption  in 
regard  to  shear  has  been  made.     It  is  based  entirely  upon  the  defor- 
mations of   the  concrete. 
P. 


=  2  Pp  n^   1  /      (4) 

L  2  +  Pg  nT  1  ry^U 
Substituting  the  derived  values  for  P^ ^  Pi,  and  Pg  in  (1)  we  have 

P     ;pA(l-p-,)f  pnpiA  +  p  2Ps 

2  +  PgH  (  1  -Sy(<T 


Z  P 


A  (   1  -  Pn    +  npi)   f     2  p.,n^  1  -v^) 


-(5) 


This  expression  gives  a  value  for  Uie  increase  in  strength  due  to 
spiral  less  than  that  given  by  Johnson's  formula, page  5, and  since 
Johnson* S  formula  gives  results  considerably  lower  than  shown  by 
tests, neither  can  be  taken  as  indicating  the  true  action  of  the 
spiral . 

Eccentric  Loading;  Let  the  total  load  on  the  column  be  P. 

Under  concentric  loading  the  unit  stress  in  the  longitudinal  rods 

will  be     fi  =  P  n  ^ 

A      (  1  -  Pi  +  np{"^ 
When  there   is  an  eccentric  load  there  will  be  an  additional  stress 

due  to  the  moment.      This  stress  will  be  equal  to 


N 


Pec 


(  1  -  Pi  f  npij  (  ^'rfT 

Therefore  the  total  stress  in  the  steel  will  be, 


fl  = 

A 


 n   t  

(  1  -~pi  4  np-^)  (   1  -Pi  +  npiTT  f% 


The  total  unit  stress  in  the  concrete  when  eccentrically  loaded  is, 


V  =  P  /  1   +   ec  I 

A  (  (  1  -  Pi+  np^)       (  1  -  pi-f  np-^;  ( r^^    n  rj 


(6) 


II.     MATERIALS, SPECIMENS 
and 

METHODS  of  TESTING 
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1.    Materials ;      The  materials  used  In  making  the  concrete  for 
this  series  of  tests  were  bought  in  the  open  market.     They  are  the 
same  as  have  been  used  by  the  Engineering  Experiment  Station  for  a 
number  of  years . 

Gravel;      The  gravel  came  from  Attica, Indiana .     It  was  washed  and 
ordered  to  pass  a  1-in. screen.     It  was  composed  of  siliceous  material 
largely  quartz, and  the  pebbles  were  smooth, hard  and  fairly  brittle. 
It  was  well  graded  as  is  shown  by  Table  I, which  gives  a  mechanical 
analysis  of  the  gravel. 

TABLE  I . 
Mechanical  Analysis  of  Gravel. 
Each  value  is  the  average  of  four  tests. 


:     Size  of  : 

Separation : 

Per  cent  pass-: 

:     Sq. Opening: 

Size-in.  : 

Sieve  : 

:       1.050  : 

!  100.0 

:       0.742  ; 

83.7  : 

0.525  : 

49 . 5  : 

:  0.371 

19.3  : 

:       No.  3 

:  0.263 

:            7.0  : 

:      Wo.  5 

0.185 

:            3.5  : 

:      No. 10 

:  0.093 

i            1.6  : 

Sand;      The  sand  was  a  clean, coarse , well  graded  torpedo  sand, 
obtained  near  Attica, Indiana .    Table  II  gives  the  average  mechanical 
analysis  of  four  samples. 

Cement :      Universal  Portland  Cement  was  used  in  this  series  of 
tests.     It  fulfilled  the  requirements  of  the  specifications  of  the 
American  Society  of  Civil  Engineers.    Table  III, page  9, gives  the 
tensile  strength  of  neat  and  1-3  mortar  briquettes.     Ottawa  sand 
was  used  in  the  1-3  mortar  briquettes. 
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TABLE  II 
Mechanical  Analysis  of  Sand. 
5Iach  value  is  the  average  of  four  tests. 


Sieve  J  Separation:  Per  cent  pass- 

No.  :  Size-in  :   ing  Sieve  

3  :  0.263  97.1 

5  :  0.185  :  86.4 

8  :  0.131  :  69.4 

10  :  0.C93  :  58.4 

14  :  0.046  :  36.2 

28  :  0.0232  :  19.2 

48  :  0.01116  :  4.2 

100  :  0.0058  :  1.1 

150  :  0.0041  :  0.7 


TABLE  III 
Tensile  Strength  of  Cement. 


:Ref . 
No.  ! 

!          Ultimate  Strength-lb .per  sq.in.  : 

t  Neat 

:       1-3  Mortar  : 

'  7  day  ■ 

:  28  day 

:     7  day 

'     28  day: 

:  1 

:  636 

:  695 

220 

!  312 

r  2 

:  616 

'  684 

246 

•     290  : 

;  3 

:  606 

'  716 

236 

299 

:  4 

;  519 

683 

242 

279  : 

'Ave . 

594 

'  694 

236  ; 

29  5  : 

Steel .  Tension  Test  Piecesj.        With  each  of  the  two  sizes  of 
spiral  there  were  sent  four  4-ft . coupons .     These  were  cut  into  test 
pieces  16  in. long, making  tweleve  test  pieces  for  each  size  of  spiral 
wire.    Nine  of  these  were  tested, the  remaining  three  being  saved  in 
case  additional  data  were  necessary.    The  nine  pieces  were  tested  in 
a  50  000  lb.  Riehle  testing  machine.    A  Ewing  extensometer  v/ith  a 
^^ge  length  of  8  in.  was  used  to  measure  the  unit-def omation  up 
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to  0.006  in., which  corresponds  to  a  stress  of  about  45  000  lb. per  sq. 
in.      Loads  were  read  for  equal  increments  of  deformation.     After  the 
steel  had  reached  a  unit-deformation  of  0 .006  in . , the  extensometer 
was  removed  and  an  8-in.  vernier  extensometer  reading  directly  to 
0.01  in.  was  fastened  on  the  specimen, and  the  deformations  read  up  to 
the  ultimate  load.     The  elongation  in  eight  inches, yield  point  and 
reduction  of  area  were  noted  for  each  specimen.    The  individual  curvei 
can  be  found  on  pages   94  to  100 

Test  specimens  were  cut  from  the  rods  which  were  used  for  long- 
itudinal reinforcement.    The  specimens  were  tested  in  a  100  000  lb. 
Riehle  testing  machine.    A  Ewing  extensometer  with  an  8-in  gage 
length  was  used  to  measure  the  unit-deformations  up  to  about  0.006 
and  0.003  for  the  1-in.and  b/s  in. bars  respectively.     These  deforma- 
tions correspond  to  stresses  of  about  45  000  and  35  000  lb. per  sq.in. 
respectively.     Shortly  after  the  yield  point  had  been  reached, the 
extensometer  was  removed  and  the  deformations  were  measured  over  an 
8-in  gage  length  by  means  of  a  pair  of  calipers  and  a  scale.  The 
individual  curves  are  shown  on  pages    lOO  to  106 

Johnson's  method^^-  was  used  in  determining  the  elastic  limit  of 
the  steel.     Table  IV, page  12  , gives  the  tensile  properties  of  the  ■ 
steel. 

Compression  Tests  of  Steel:     Seven  specimens, each  2.5  inches 
long, were  cut  from  each  of  the  two  sizes  of  longitudinal  rods.  The 
ends  were  squared  in  a  lathe  to  give  parallel  surfaces  and  the  spec- 
imens were  tested  in  a  100  000  lb.  Riehle  testing  machine.  The 
deformations  were  measured  with  a  Ewing  extensometer  over  a  gage 
length  of  1.25  in.     The  loads  were  read  for  equal  increments  of 
»  Johnson' s  Materials  of  Construction,  4th. Sd. 1905, pages  18  and  19. 
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deformation.     Measujpement s  were  taken  with  the  extensometer  up  to 
a  unit-deformation  of  about  0.0015  after  which  the  extensometer  was 
removed  and  the  distance  between  the  bearing  surfaces  of  the  testing 
machine  was    measured  with  a  caliper  and  scale  for  each  successive 
increment  of  load.    The  curves  for  these  tests  are  not  shown  because 
the  constant  of  the  extensometer  was  later  found  to  be  incorrect. 
For  this  reason  the  modulus  of  elasticity  of  the  steel-  has  been 
assumed  to  be  30  000  000. 

Table  V,page  12, gives  the  properties  of  the  steel  in  compres- 
sion. 

2.     Specimens ;      All  of  the  columns  were  approximately  12  in.  in 
diameter, out  to  out  of  spiral.     There  were  two  lengths  of  columns, 
5-ft,and  10-f t ., twelve  specimens  of  each. 

The  spiral  reinforcement  was  obtained  from  the  Concrete-Steel 
Products  Company  of  Chicago, and  was  of  two  sizes , l/4-in.  and  s/s-in. 
in  diameter.     It  was  wound  to  a  pitch  of  in.  for  both  sizes^ 

and  the  pitch<was  as  nearly  uniform  as  seems  practicable  to  obtain. 
The  spiral  was  held  to  this  pitch  by  three  spacing  bars  made  of 
3/4-in.  0 .4-lb .channels .     These  spacing  bars  were  twisted  a  little 
in  a  longitudinal  direction  owing  to  the  slight  uncoiling  of  the 
spiral.    When  the  spiral  was  shipped, all  except  the  5-ft. lengths 
were  crated  in  order  to  prevent  bending.     The  last  four  turns  of  the 
spiral  were  wired  together  in  pairs, about  II/2  in. apart.    The  ends 
of  the  spiral  were  bent  inward  to  provide  anchorage. 

The  longitudinal  reinforcement  consisted  of  5/8-in.and  1-in. 
round  rods, cut  to  the  exact  length  of  the  form.     Sight  rods  were 
used  in  each  column.     The  ends  were  carefully  squared  to  provide 
an  even  bearing  at  the  top  and  bottom.     The  longitudinal  rods  were 
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spaced  equidistant  around  the  inner  circumference  of  the  spiral, to 
which  they  were  securely  wired. 

The  projection  of  the  spacing  bars  beyond  the  outside  of  the 
spiral  was  so  small  that  there  was  only  about  l/s  in.  of  concrete 
on  the  outside  of  the  spiral.    The  specimens  were  made  with  the 
following  combinations  of  spiral  and  longitudinal  reinforcement  in 
both  the  5-f t. and  10-ft. lengths:     1 /4-in. spiral , 5/8-in .longitudinal ; 
1/4-in. spiral ,1 -in. longitudinal ;     3 /s-in. spiral , 5/b- in. longitudinal ; 
3/8-in . spiral , 1 -in. longitudinal . 

Complete  data  about  the  percentages  of  the  different  kinds  of 
reinforcement  are  given  in  Table  VI, page  85* 

3.  Forms :        The  forms  for  each  length  of  column  were  made  of  a 
single  piece  of  steel  pipe  12  in. in  diameter.     This  was  cut  longitu- 
dinally into  quarters  and  when  placed  around  the  spiral  was  held  to- 
gether by  clamps  at  frequent  intervals.     Thin  strips  of  wood  were 
inserted  between  the  sections  of  the  form  after  it  had  been  placed, 
ir^order  to  adjust  it  to  any  slight  difference  in  the  diameter  of  the 
spiral.    This  type  of  form  was  found  to  be  rigid  and  to  give  a  very 
nearly  straight  column, a  condition  that  was  seldom  obtained  when  the 
forms  were  in  short  sections. 

4.  Fabrication:        All  of  the  work  of  making  the  specimens  was 
done  under  the  direction  of  Mr.  H.  P.  Gonnerman,in  the  Concrete 
Preparation  Room  of  the  University  of  Illinois, by  men  who  have  done 
this  work  for  a  number  of  years. 

The  spiral  was  placed  in  a  horizontal  position  and  the  long- 
itudinal rocks, which  had  been  previously  cut  to  exact  length, with 
special  attention  to  having  the  ends  square, were  placed  inside  the 
spiral.     The  longitudinal  rods  were  spaced  equally  around  the  inner 
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circumference  and  then  wired  to  the  spiral  at  frequent  intervals.  In 
order  that  these  rods  might  be  parallel  to  a  longitudinal  element  of 
the  column, they  were  lined  up  by  placing  the  spiral  in  one  of  the 
sections  of  the  form  and  lining  the  rods  by  the  edges  of  this  section. 
The  photograph  on  page  270shows  the  spiral  ready  for  the  form.  After 
the  longitudinal  rods  had  been  properly  placed  in  and  wired  to  the 
spiral, the  form  was  oiled, placed  in  position  around  the  spiral  and 
tightly  clamped.     The   form  was  placed  upright  on  an  oiled  cast  iron 
base-plate  and  fastened  in  a  vertical  position. 

The  concrete  was  a  1:2:4  mixture, proportioned  by  loose  volume 
and  checked  by  weight.     It  was  machine  mixed  and  after  mixing  was 
deposited  on  the  concrete  floor  where  it  was  turned  once  with  shovels 
It  was  then  hoisted  in  buckets  anc^mptied  into  the  form.     It  was 
sufficiently  liquid  to  flov/  around  the  spiral  fairly  well  but  it  was 
kept  thoroughly  agitated, by  means  of  a  concrete  block  fastened  to  a 
gas-pipe  handle , in  order  to  prevent  any  voids  around  the  spiral  and 
to  work  out  the  entrained  air.     The  results  obtained  in  both  of  these 
directions  were  satisfactory , as  indicated  by  the  abscence  of  voids 
and  the  density  and  compactness  of  the  concrete. 

After  the  concrete  had  been  allowed  to  settle  for  a  couple  of 
hours  the  column  was  capped  with  neat  cement  mortar  and  covered  with 
a  cast  iron  plate  similar  to  the  base  plate.     It  may  be  noted  that 
the  longitudinal  rods  bore  directly  against  the  upper  and  lower 
plates. 

Two  8  X  16-in . cylinder s  were  made  from  the  batch  of  concrete 

made 

usedj'in  making  each  column.  One  was/near  the  beginning  and  the  other 
near  the  end  of  the  pouring  of  the  column.  The  cylinder  made  at  the 
beginning  was  marked  1  and  the  one  made  later  was  marked  2  ,  After 
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the  concrete  in  these  cylinders  had  been  allowed  to  settle  for  a 
couple  of  hours, the  cylinders  were  capped  with  neat  cement  mortar 
and  covered  with  a  piece  of  plate  glass. 

^'     Storage;  Two  or  three  days  after  pouring  the  columns  the 

forms  were  removed  and  the  columns  were'placed  in  storage,  in  the  same 
room  in  which  they  were  made, under  a  burlap  cover  that  was  kept  wet. 
This  cover  was  spread  over  the  top  of  the  columns  and  draped  down  on 
all  side s , virtually  forming  a  burlap  storage  room.  This  was  wet  fre- 
quently in  order  to  prevent  too  rapid  drying  out  of  the  columns  and 
to  keep  the  curing  conditions  at  the  top  and  bottom  of  the  columns 
more  nearly  the  alike.  In  previous  tests  the  top  of  the  columns 

dried  out  more  rapidly  than  the  bottom, due  to  the  difference  in  the 
temperature  and  moisture  at  the  top  and  bottom  of  the  room.  This 
method  of  covering  the  columns  completely  with  burlap  gave  satisfac- 
tory results  for  there  seemed  to  be  no  difference  between  the 
strength  of  the  column  at  the  top  and  bottom.     There  was, from  time 
to  time , considerable  variation  in  the  temperature  of  the  storage 
room, varying  from  ^^'''to  .    Two  weeks  before  they  were  to  be 

tested, the  columns  were  taken  from  under  the  burlap  and  allowed  to 
dry  out.      The  cylinders  were  taken  from  the  forms  two  days  after 
pouring  and  stored  in  damp  sand.    They  were  removed  from  the  sand 
a  week  before  they  were  to  be  tested  and  allowed  to  dry  out. 

6.    Preparation  of  the  Specimen;      Two  or  three  days  before  a 
column  was  due  to  be  tested  it  was  brought  to  the  testing  laboratory 
and  prepared  for  the  test.    Each  column  was  made  upon  a  cast  iron 
plate  having  four  holes  90°apart,and  capped  with  a  similar  plate. 
When  the  column  was  to  be  transported  from  the  preparation , room  to 
the  testing  laboratory , an  eyebolt  was  screwed  into  each  of  the  holes 
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in  the  base  plate;  rods  were  then  hooked  through  the  eyebolts  and 
passed  through  the  holes  in  the  upper  plate  where  they  were  held  by 
nuts.     These  nuts  were  screwed  down  firmly  and  the  rodded  column  was 
loaded  on  a  wagon  by  means  of  a  crane  and  taken  to  the  testing  labor- 
atory . 

Practically  all  of  the  gage  lines  having  the   same  numbers  were 
in  the  same  relative  location  on  the  different  columns;  a  few  could 
not  follow  the  general  scheme  because  of  spacing  bars  being  in  the 
way;  these  are  noted  fcr  the  different  columns  under  "Phenomena  of 
Tests".    For  the  gage  lines  on  the  steel, holes  were  drilled  directly 
in  the  steel  after  the  concrete  that  covered  it  had  been  chipped 
away.    For  the  gage  lines  on  the  concrete , holes  were  drilled  in  the 
concrete  and  steel  plugs, 1/2  in. in  diameter  and  3/4  in. long, were 
inserted  and  held  in  place  by  neat  gypsum  mortar.     The  locations  of 
the  gage  lines  are  shown  by  the  drawings  on  pages  17  to  20. 

7.  Apparatus:        All  of  the  columns  were  tested  in  the  600  COO  lb. 
Riehle  testing  machine  in  the  Laboratory  of  Applied  Mechanics.  The 
control  cylinders  were  tested  in  the  200  000  lb.  Olsen  testing  ma- 
chine in  the  same  laboratory. 

All  the  deformations  of  the  steel  and  concrete, up  to  the  point 
where  they  began  to  increase  very  rapidly, were  measured  with  a  Berry 
type  strain  gage.    All  lateral  deformations  were  measured  over  a 
length  of  4  in  .and  all  longitudinal  deformation  over  a  length  of 
10  in.    After  the  longitudinal  deformations  began  to  increase  rapid- 
ly they  were  measured  with  a  Howard  type  extensometer ,yhich  has  a 
much  larger  range  of  measurement  than  the  Berry  type  strain  gage 
and  in  which  a  difference  of  one  unit  between  successive  readings 
corresponds  to  a  change  of  l/lOOO  in. in  the  distance  between  gage 
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ibl^^*    ^^^^         Berry  type  strain  gage  the  multiplication  ratio  was 
five  and  a  difference  of  one  unit  between  successive  readings  for 
either  the  4-in.or  the  10-in . instrument  corresponds  to  a  change  of 
1/5000  in. in  the  distance  between  gage  holes.     The  range  of  these 
instruments  is  quite  limited  and  usually  was  exceeded  after  the 
stress  in  the  longitudinal  reinforcement  had  reached  the  yield  point. 

Deformations  over  nearly  the  entire  column  length  ,on  the  west 
side  of  the  column, were  read  on  a  Wissler  dial  which  was  fastened 
by  means  of  neat  gypsum  mortar  about  5  in. below  the  top  of  the  col- 
umn.   A  fine  wire , attached  to  a  pin  which  projected  about  2  in. from 
the  surface  of  the  column  at  a  point  about  5  in. from  its  bottom, ^as 
carried  up  along  the. side  of  the  column  and  was  wrapped  once  around 
the  drum  of  the  Wissler  dial.     A  weight  attached  to  the  free  end  of 
the  wire  hung  a  few  inches  below  the  dial, and  keeping  the  wire  taut 
rotated  the  drum  of  the  dial  and  the  pointer  attached  to  it.  The 
deformations  as  observed  have  not  been  worked  up  for  use  in  this 
thesis. 

The  deflection  of  the  columns  was  measured  by  means  of  two 
scales, each  having  a  mirror  behind  it, placed  at  right  angles  to  each 
other.    This  apparatus  was  fastened  to  the  column  at  its  mid-length 
in  such  a  position  that  the  wire  belonging  to  the  Wissler  dial  app- 
aratus lay  in  the  angle  between  the  two  scales.    By  lining  in  the 
wire  with  its  image  in  the  mirror  the  components  of  the  deflection 
in  two  direction  at  right  angles  to  each  other  were  read  on  the 
scales  which  were  graduated  to  read  directly  to  0.02  in. 

The  apparatus  for  applying  the  load  eccentrically  consisted 
of  a  bearing  block  at  each  end  of  the  column  with  a  groove  cut  into 
it  to  receive  a  roller  2  in, in  diameter.    These  rollers  bore 
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directly  upon  the  cast  steel  plates  3  in.  thick  which  were  placed  at 
each  end  of  the  column.      By  this  means  the  point  of  application  of 
the  load  was  known, and  by  measuring  from  the  central  axis  of  the 
column  to  the  center  of  the  roller  the  amount  of  the  eccentricity 
could  be  definitely  determined.    The  photographs  on  pages  272  to  277 
show  the  apparatus  set  up  in  the  machine. 

8.    Testing :        The  columns  were  placed  in  the  machine  and  raised 
to  a  central  position  by  means  of  two  hoists, one  on  each  side  of  the 
column.    Wooden  templates  were  used  for  getting  the  column  in  the 
desired  position.    These  templates  were  fastened  to  the  side  of  the 
machine  and  the  column  bore  against  them.    Due  to  variation  in  the 


size  of  the  columns, this  gave  only  an  approximate  location.    The  / 
was  brought  to  its  final  position  on  the  bearing  block  and  roller  by 
means  of  a  sledge  hammer.    After  getting  the  bottom  of  the  column  in 
the  proper  position  the  head  of  the  testing  machine  was  lowered  and 
the  upper  bearing  blocks  were  placed.    After  the  upper  blocks  were 
in  position  an  initial  load  of  about  6000  lb. was  applied  in  order  to 
prevent  movement  of  the  column  and  the  spherical  bearing  block  was 
made  fixed  by  means  of  wedges.     This  prevented  any  tilting  or  lateral 
movenent  of  the  spherical  block  but  left  the  column  with  hinged  ends, 
that  is, the  load  was  applied  at  the  top  and  bottom  by  means  of  a 
2-in .roller  about  which  the  column  could  turn.    These  rollers  were 
kept  well  lubricated  with  heavy  grease  so  that  they  might  turn  free- 
ly.   In  all  cases  the  upper  plate  was  set  in  a  thin  layer  of  gypsum 
paste  which  set  rapidly  and  gave  a  firm  and  uniform  bearing.    A  can- 
vas mat  was  placed  between  the  cast  iron  plate  and  the  bearing  block 


at  both  top  and  bottom  of  the  column. 

The  column  was  placed  in  the  machine  in  such  a  way  that  the 
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center  of  the  colunn  was  to  the  east  of  the  center  of  the  machine. 
This  increased  the  compression  on  the  west  side  of  the  column  and 
decreased  the  compression  on  the  east  side.    Because  of  the  location 
of  the  column, the  "bending  was  always  to  the  east.    The  location  of 
the  rods  and  gage  lines  with  reference  to  the  eccentricity  is  shown 
on  the  drawings  on  pages  19  and  20. 

Two  different  amounts  of  eccentricity  were  used  in  the  tests. 
The  first  eight  columns, one  of  each  combination  of  reinforcement, 
were  tested  with  lil/2-in  .  eccentricity  and  the  remaining  sixteen  with 
a  1-in. eccentricity .     In  some  instances  the  zero  readings  were  taken 
before  placing  the  column  in  the  machine  and  in  others  after  it  had 
'  been  set  up.     In  the  latter  case  there  was  always  an  initial  load  of 
about  6000  lb. upon  the  column  when  the  zero  readings  were  taken. 
The  slowest  speed  of  the  machine, 0.05  in. per  min.,was  used  in  apply- 
ing the  load.     The  recorded  load  was  in  all  cases  reached  before 
starting  to  stop  the  machine, that  is, the  load  was  brought  up  to  the 
required  point  and  the  machine  stopped  at  once.    The  load  v/ould  soon 

begin  to  fall  off , at  the  lower  loads  in  from  10  to  15  seconds  and 
loads 

sooner  at  hig]y,but  in  all  cases  the  load  indicated  was  upon  the  col-  , 
umn  when  the  machine  stopped.    After  the  machine  had  stopped  the 
amount  of  the  load  upon  the  column  was  recorded  at  intervals  of  1, 
2  and  5  minutes  and  also  after  a  complete  series  of  readings  had 
been  taken. 


III.     EXPERIMENTAL  DATA 
and 
DISCUSSION 
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1.  Explanation  of  Tables;        Tables  I  and  II  give  the  results  of 
the  mechanical  analysis  of  the  gravel  and  sand  used  in  making  the 
test  specimens. 

Table  III  gives  the  results  of  the  tensile  tests  of  neat  cement 
and  1-3  cement  mortar  briquettes  at  the  age  of  7  and  28  days. 

Table  IV  gives  the  result  of  tension  tests  upon  the  steel  used 
for  spiral  and  longitudinal  reinforcement. 

Table  V  gives  the  result  of  compression  tests  upon  the  steel 
used  for  longitudinal  reinforcement. 

Table  VI  gives  a  summary  of  all  the  dimensions  of  the  columns, 
percentages  of  reinforcement , ultimate  loads, dates  when  made  and  testi?- 
ed.     This  table  also  gives  the  values  obtained  by  comparison  of  the 
columns  with  some  of  those  tested  by  Mr .A. J .A.Anderson.  

Table  VII  gives  the  decrease  in  ultimate  strength  of  10-ft. 
columns  in  per  cent  of  the  strength  of  a  5-ft. column  with  the  same 
combination  of  reinforcement. 

Table  VIII  gives  loads  and  deformations  at  which  there  was  a 
marked  change  in  the  rate  of  bending  and  a  change  from  compression 
to  tension, also  the  ratio  of  these  loads  to  the  maximum  loads. 

Table  IX  gives  values  showing  the  effect  of  the  amount  of 
eccentricity  upon  the  ultimate  strength  of  the  column  for  different 
lengths  and  percentages  of  reinforcement. 

Table; X, pages    37   to  84     (not  marked  with  a  Table  number), 
contains  the  unit-deformations  on  all  gage  lines  and  the  deflections. 
The  tabulated  values  were  obtained  by  reducing  the  readings  that  were 
taken  during  the  test  to  unit-deformation.    The  unit  in  which  these 
deformations  are  expressed  is  0.00001.    Under  the  heading  "Applied 
Load-lb. per  sq.in."the  loads  were  computed  to  the  nearest  pound  but 
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are  tabulated  to  the  nearest  five  pounds.  This  table  also  gives  the 
initial  unit-load  upon  the  column  when  the  zero  readings  were  taken. 

2.    Explanation  of  Diagrams;        The  curves  showing  general  results 
are  placed  with  the  text  in  which  reference  to  them  is  made.  The 
title  of  each  page  gives  the  necessary  information  concerning  them 
and  will  not  be  repeated  here. 

Pages  86  to  93  give  the  load-deformation  curves  for  the  con- 
trol cylinders.    The  numbers  inclosed  in  a  circle  indicate  the  stage 
of  the  pouring  of  the  column  at  which  the  cylinder  was  made.     1^  be- 
ing near  the  beginning  of  the  pouring  and  2  near  the  end. 

Pages    94-106  give  the  stress-deformation  curves  for  the  ten- 
sion tests  of  the  steel  that  was  used  for  spiral  and  longitudinal 
reinforcement. 

Pages  107-114  give  the  curves  for  the  distribution  of  stress 
around  the  circumference  of  the  column  at  the  center.    The  spiral  is 
shown  as  a  developed  circle  with  the  stress  at  the  different  points 
plotted  as  ordinates.    The  numbers  refer  to  the  numbers  of  the  gage 
lines. 

Pages  115-147  give  the  average  load'-def ormation  curves  for  the 
spiral  and  longitudinal  reinforcement, and  the  lateral  and  longitudi- 
nal concrete.    The  plotted  values  were  obtained  by  taking  an  average 
of  the  deformations  at  a  given  section.    The  section  A  contains  rods 
3  and  4, section  B  contains  rods  2  and  5, section  C  contains  rods  1 
and  6, Section  D  contains  rods  7  and  8  (   see  also  Fig. 3-6, pages  19 
and  20).    The  deformations  of  the  rods  in  each  section  at  top, middle 
and  bottom  were  averaged  and  the  value  of  this  average  plotted.  The 
readings  for  deformation  of  concrete  were  tak.en  on  only  one  side  of 
the  section  so  that  the  plotted  points  for  concrete  are  the  average 
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of  only  three  readings;  the  same  is  true  for  the  curves  of  lateral 
de format ion , both  concrete  and  steel.    The  deflection  curves  have 
been  plotted  on  the  same  sheets  with  the  load-deformation  curves  in 
order  to  show  their  relation  to  the  deformation  curves. 

Pages  148-211  give  the  distribution  of  longitudinal  deformatio^ 
of  the  steel  in  a  vertical  plane  through  each  of  the  four  sections 
A,  B,  C,  D.    Each  value  for  the  curves  for  the  longitudinal  rein- 
forcement represents  the  average  of  two  readings  and  those  for  spir 
ral  of  one  reading  only. 

Pages  212-235  give  the  distribution  of  the  deformation  of  the 
longitudinal  reinforcement  across  a  horizontal  section  of  the  col- 
umn at  top, middle  and  biDttom  for  each  column.    These  are  plotted 
with  unit-deformation  as  ordinates  and  the  diameter  of  the  column 
in  an  east-west  direction, out  to  out  of  longitudinal  rods, as  ab- 
scissas.   The  curve  represents  the  change  in  deformation  across  the 
column.    Each  point  is  the  average  of  two  readings.  Only  the  curves 
for  the  higher  loads  are  plotted. 

Pages  236-243  are  similar  to  these  described  above  but  are 
the  average  of  the  values  at  the  top, middle  and  bottom.    Each  point 
is  the  average  of  six  readings. 

3.    Explanation  of  Drawings;      Fig.l  and  2, pages  17  and  18, show 
the  numbers  and  location  of  the  gage  lines  on  the  columns.  They 
show  the  general  location;  in  some  instances  it  was  necessary  to 
make  a  few  changes  because  of  spacing  bars  but  in  these  cases  the 
character  of  the  change  for  each  column  is  noted  under  the  heading 
"Phenomena  of  Tests"  and  is  shown  by  the  horizontal  section  for  each 
column  on  "Average  Curves" , pages  115-147     •    Fig . 3-6, pages  19  and 
20  show  a  horizontal  section  through  the  column  for  each  eccentricit|r 
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and  for  each  size  of  longitudinal  reinforcement , together  with  the 
location  of  iDie  sections    A,  B,  C  and  D. 

4.  Explanation  of  Photographs;      On  pages  27C-277  are  photographs 
that  show  certain  features  of  the  test.    Attention  is  called  to  No. 
5-7  showing  the  apparatus  for  applying  the  load  eccentrically  and 
also. those  showing  the  way  in  which  the  column  bends, indicating  that 
it  has  hinged  ends. 

5.  Phenomana  of  Tests:     Under  this  heading  will  be  given  the  notes 
that  were  taken  for  each  column  during  the  progress  of  the  test, data 
upon  the  variation  of  the  individual  columns  and  any  variation  from 
the  general  scheme  of  location  and  testing.    Before  pro^^eding  with 
the  notes  a  few  points  will  be  mentioned  in  order  to  make  the  reading 
easier . 

The  location  of  the  rods  is  shown  on  pages  19  and  2C  with  ref- 
erence to  east  and  west  and  all  of  the  columns  were  tested  in  the 
position  as  indicated  by  the  drawings.    Because  of  the  location  of 
the  column  in  the  testing  machine  the  bending  was  toward  the  east. 
The  rods  on  the  west  side  had  the  greater  compression  and  those  on 
the  east  side  had  the  smaller  compression.    The  designation  east  and 
west  in  the  notes  and  discussion  that  follows  is  used  for   the  sake 
of  brevity  and  clearness. 

The  word  scaling  is  used  to  refer  to  the  scaling  of  the  long- 
itudinal steel  after  it  has  passed  the  yield  point.     Crushing  and 
spalling  refer  to  the  concrete. 

Column  898e.4 

A  few  v'iods  around  bottom.    Plugs  in  concrete  for  longitudinal 
deformation  flush  with  outside  of  spiral  and  1  in. from  longitudinal 
rods.    At  load  of  173  200  lb.  a  small  tension  crack, horizontal, 
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appeared  over  spiral  on  east  side  at  middle  of  column  and  one  near 
the  bottom.    At  load  of  188  000  there  was  a  slight  change  in  the  rate 
of  taking  load.    At  192  500  lb.  therewas  slight  spalling  over  spiral 
on  north  side  near  middle.    Load  of  202  000  lb.  crushing  of  concrete 
over  central  portion  on  west  side, also  cracks  on  east  side.  General 
crushing  over  spiral  on  west  side  at  215  OOC  lb.     Some  spalling  on 
west  side  and  horizontal  tension  cracks  on  east  side  open  wider  at 
231  000  lb.    At  max. load  of  235  200  lb. there  were  tension  cracks 
over  every  2nd, or  3rd. spiral  with  the  largest  ones  at  the  center. 
Rods  2  and  4  slipped  l/l6  in. at  bottom  and  rod  3  slipped  nearly 
l/s  in. at  bottom  ,no  slipping  at  top. 

Column  8986.5 

1  in. eccentricity .     Plugs  for  longitudinal  deformation  of  con-  I 
Crete  were  set  at  about  center  line  of  spiral  and  II/4  in.  from  I 
center  of  longitudinal  rods.     On  this  column    the  lower  gage  holes 
for  longitudinal  deformations  were  8  in.  from  bottom  instead  of  12  in. 
At  228  000  lb. scaling  of  rods  1,6, 7. and  8  at  the  top.     Scaling  at  all 
gage  holes  on  west  side  and  allon  north  side  except  at  top  at  load 
256  500  lb.     Load  of  288  000, slight  crushing  on  west  side  at  center^ 
horizontal  cracks  over  spiral  on  east  side, larger  at  top  but  even 
there  they      were     small.    At  max. load  of  317  800  horizontal  cracks 
on  east  about  same  above  middle  of  column  as  at  previous  load; those 
below  middle  opened  up  so  that  they  were  much  larger  than  those  above 
middle.     Spalled  considerable  on  west  side  with  greatest  amount  at 
about  20  in.  from  bottom  where  the  failure  was  greatest. 

Column  8986.6 

Plugs  for  longitudinal  deformation  of  concrete  flush  with  out- 
side of  spiral  and  ll/s  in. from  longitudinal  rods.    Scaling  at  load 
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of  203  000  lb. on  rods  1,7  and  8  at  middle  .     Crushing  over  spiral 
aj.  top  on  west  side  load  232  000  lb.    First  tension  crack  on  east 
side  at  296  000  lb.      At  319  COO  lb. crushing  is  appreciable  and 
spalling  commenced.     Cracks  over  every  spiral  on  east  side  except 
for  1  ft.  at  bottom.      Max. load  321  100  lb. at  which  the  greatest 
amount  of  spalling  was  just  below  the  center  and  where  there  was  a 
slight  kink.        Eccentricity  of  column  1  in. 

Column  8987.1 

Eccentricity  of  l'l/2  in.    A  few  fine  vertical  cracks  at  bottom 
at  147  000  lb.    Horizontal  crack  over  spiral  near  top, also  scaling 
of  steel  on  west  side  at  206  500  lb.     Horizontal  cracks  and  crushing 
in  central  portion  at  236  000  lb.  Spalling  on  west  side, lower  half, 
at  259  000  lb.  At  max.  load  ki77  200  lb.  cracks  over  every  other 
spiral, n3^t    over  every  one.        Rod  3  slipped  l/l6  in. at  top  and 
3/32  in. at  bottom, concrete  powdered  under  rod  6  at  bottom. 

Column  8987.2 

Eccentricity  was  found  to  be  II/4  in. on  south  side  at  bottom 
and  1  in.  on  north  side, at  the  top  it  was  1  in.     Plugs  for  long, 
deformations  of  concrete  flush  with  outside  of  spiral  and  1  in. from  | 
long. rods.     Slight  scaling  at  load  213  000  lb.    Tension  crack  about 
2  in.  long  at  241  000  lb.  While  increasing  load  to  271  000  a  crack- 
ing noise  was  heard  but  no  cracks  could  be  found.     Crushing  and 
tension  cracks  at  332  000  lb.      Spalling  Btarted  at  354  000  lb. 
Max. load  391  100  lb.    Rod  3  slipped  slightly  at  bottom. 

Column  8987.3 

Eccentricity  1  in.     Plugs  for  long .deformation  of  concrete 
flush  with  outside  of  spiral  and  II/4  in. from  long. rods.  Scaling 
j  general  over  rods  7  and  8  at  209  000  lb.  Tension  crack  above  center 
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at  293  OOC  lb.     Crushing    and  spalling,also  considerable  number  of 
tension  cracks  at  300  000  lb.      Load  of  330  400  was  supposed  to  be 
the  max. but  after  taking  the  readings  at  this  load  the  machine  was 
started  and  the  load  went  up  to  331  400  lb.    Rod  4  slipped  l/l6  in. 
at  bottom  and  3  started  to  slip  at  bottom. 

Column  8988.4 

Eccentricity  11/2  in.     Plug  for  long .deformation  of  concrete 
flush  with  outside  of  spiral  and  ll/4  in. from  long. rods  except  G.L. 
145  which  is  2  in.  from  long. rod.     Scaling  at  313  500  lb.  Some 
crushing  on  west  side, fine  tension  cracks  on  east  side, lower  half, 
at  317  800  lb.     Crushing  over  whole  length  on  west  side, slight  spall -i 
ing  at  center, increase  in  number  and  size  of  tension  cracks, at 
370  OOC  lb.    Max. load  376  900  lb.    Rods  3  and  4  slipped  l/l6  in.  at 
bottom  .    There  were  indicationa that  rod  2  had  started  to  sl/p  at 
bottom  but  this  was  not  certain. 

Column  8988.5 

Eccentricity  1  in.    Plugs  for  long .deformation  of  concrete 
were  flush  with  inner  surface  of  spiral  and  lX/4  in. from  center  of 
long. rods.     Tension  cracks  began  to  appear  at  390  000  lb. and  at 
410  000  lb. they  were  well  distributed  and  still  small.  Slight 
crushing  over  upper  and  middle  and  middle  portion  on  west  side  at 
375  000  lb.     Scaling  of  rods  7  and  8  over  entire  length  at  319  000 
lb.    At  412  000  there  was  considerable  crushing  on  the  west  side  but 
no  spalling.    Max. 416  000  lb.    Rods  3  and  4  slipped  very  slightly  at 
bottom.    After  taking  a  complete  set  of  readings  at  the  maximum  load 
of  416  000  lb.  the  load  was  released  to  19  OOC  lb.  and  a  set  of  read- 
ings taken.    After  this  set  had  been  taken  the  load  was  22  500  lb. 
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Column  8988.6 

Eccentricity  1  in.     Plugs  for  long . deformation  of  concrete  are 
flush  with  outer  surface  of  spiral  and  II/2  in. from  long. rods  with 
the  exception  of  7  which  is  1  in. from  long. rod.     Scaling  of  rods 
7  and  8  at  292  000  lb«     Crushing  of  concrete  on  west  side  central 
portion  at  353  200  lb.    Tension  crack  appeared  at  366  000  lb. and 
after  this  they  became  general.     General  crushing  and  spall ing  at 
375  000  lb.  Max. load  378  200  lb.     Rod  4  slipped  1/I6  in. at  bottoir. 
and  3  started  to  slip  at  bottom. 

Column  8989 .4 

Eccentricity  II/2  in.    A  number  of  voids  at  bottom.  Plugs 
for  long .deformation  of  concrete  are  flush  with  outer  surface  of 
spiral  and  II/2  in. from  long. rods  but  the  pl-^gs  are  all  on  the  opp- 
osite side  of  JEJxe.  nada.  from  that  shown  by  the  drawings.  General 
scaling  of  steel  on  west  side  and  a  few  fine  tension  cracks  at  load 
of  287  400  lb.     Change  in  the  rate  of  taking  load  at  315  000  lb. 
Slight  increase  intension  cracks  also  slight  crushing  in  central 
2  ft.  at  loads  of  323  000  and  345  600  lb.     Considerable  number  of 
tension  cracks  , crushing  and  slight  spalling  at  350  000  lb.  Max. 
load  374  700  lb.    At  the  max. load  the  tension  cracks  were  numerous 
but  well  distributed, ^good  deal  of  concrete  on  west  side  had  spalled 
off  .    Rod  4  slipped  1/I6  in. at  both  top  and  bottom, and  rod  5  slippef 
1/8  in. at  bottom  but  none  at  top. 

Column  8989.5 

Eccentricity  1  in.     Surface  of  plugs  for  long .deformations 
flush  with  center  line  of  Spiral  and  II/4  In. from  long. rods.  Scal- 
ing of  rods  7  and  8  over  entire  length. and  crushing  of  concrete  on 
west  side  at  359  OOP  lb.  May  have  been  scaling  at  previous  load. 
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Erst  tension  cracks  at  center  at  411  000  lb., crushing  general  over 
west  side  at  this  load.     Slight  spalling  at  center  on  west  side  at 
445  000  lb.     Max. load  470  000  lb.     Rods  3  and  4  slipped  slightly  at 
bottom. 

Column  8989.6 

Eccentricity  1  in.     Surface  of  column  very  porous  but  no  large 
voids.    The  top  of  this  column  was  found  to  be  in  poor  condition  so 
the  plate  was  set  in  a  mixture  of  5parts  of  cement  and  1  part  of 
gypsum  and  left  from  SatuiTday  afternoon  to  Monday  morning.  Surface 
of  plugs  for  long .deformation  of  concrete  are  about  flush  with  the 
center  line  of  spiral  and  are  II/4  in. from  center  of  long. rods  ex- 
cept numbei?  3  which  is  on  the  opposite  side  from  the  others.  Scal- 
ing of  rods  7  and  8  over  entire  length  at  295  000  lb.  Tension 
crack  on  east  side  at  243  000  lb.     Crushing  started  on  west  side  at 
380  000  lb.  over  central  portion  and  at  this  load  tension  cracks 
became  general  over  whole  length  of  the  column.     Spalling  began  at  | 
upper  quarter  point  at  397  COO  lb.     Max. load  410  400  lb.  Rods  3  and  ' 
4  slipped  slightly  at  the  bottom.  ! 

Column  8990.4 

Eccentricity  II/2  in.     Plugs  for    long. deformation  of  concrete! 
flush  with  outer  surface  of  spiral  and  II/4  in. from  center  of  long, 
rods.     AJi  load  of  111  300  lb.  the  re  were  a  few  fine  vertical  cracks  | 
at  top  and  bottom.    After  applying  a  load  of  139  200  lb.  the  read-  j 
ings  were  taken  and  this  load  was  left  on  the  coliimn  for  21/2  hr. 
before  the  test  was  again  started.     Scaling  of  steel  and  slight, 
crushing  of  concrete  at  top  on  west  side  at  load  01  195  COO  lb. 
Max. load  221  900  lb.    No  crushing  of  concrete  apparent  on  lower  half 
of  column  at  max. load.     Rod  3  slipped  slightly  at  top  and  4  at  bottoj] 


Column  8990.5 


Eccentricity  1  in.     The  upper  half  was  somewhat  porous  and 

there  were  a  few  voids  around  the  spiral  at  top.     Plugs  for  long. 

deformation  of  concrete  are  flush  with  outer  surface  of  spiral  and 

on 

1  in.  from  long . rods , but  are  all/the  opposite  side  of  the  long. rods 
from  that  shown  in  the  drawings.  Scaling  at  lower  part  of  rod  8  at  | 
20C  000  lb.     General  scaling  on  rods  7  and  8  at  229  000  lb.  Began 
to  take  load  slowly  at  250  000  lb. and  one  tension  crack  appeared  at  j 
this  load.    At  the  max. load  of  260  200  lb. there  was  a  crushing  and 
slight  spalling  of  the  concrete  in  the  middle  portion  and  also  some 
tension  cracks.    Failure  of  the  column  was  more  sudden  than  usual. 

Column  8996.6 

Eccentricity  1  in.    Rods  3  and  7  were  a  little  higher  than  the 
others  and  rod  8  was  a  little  low.     Plugs  for  long .deformation  of 
concrete  were  flush  with  the  center  line  of  spiral  and  II/4  in  from  fi 

the  long. rods  except  number  5  which  was  on  the  opposite  side  of  the  \ 
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long. rod.  Scaling  of  rods  7  and  8  at  200  500  lb.  Tension  crack  on  | 
east  side  2  ft. below  center  at  250  000  lb.  Crushing  began  at  the  ^| 
max. load  and  was  very  slight  as  was  the  bending,  tension  cracks  were  [! 
also  small.     Max. load  was  257  200  lb. 

Column  8991.1 

Eccentricity  II/2  in.     Plugs  for  long,  deformation  of  concrete 
were  flush  with  outer  surface  of  spiral  and  3/4  in. from  cenetr  of 
long.rodsbut  were  on  the  opposite  side  of  long. rods  from  that  shown 
on  the  drawings.     Rate  of  taking  load  changed  at  195  000  lb.  Slight 
crushing  on  upper  portion  and  tension  cracks  on  east  side  at  207  700 
lb.    Large  tension  cracks  in  upper  portion  at  215  000  lb.    Most  of 
crushing  and  cracks  in  upper  half.    Failure  about  1  ft. above  center. 
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After  failure  began  it  was  unusually  rapid.     Max. load  214  700  lb. 

Column  8991.2 

Eccentricity  1  in.     Plugs  for  long,  deformation  of  concrete 
were  flush  with  center  line  of  spiral  and  1  in.  from  center  of  long, 
rods.     A  load  of  119  800  lb. was  applied  but  when  it  was  found  that 
the  deformations  were  small  the  load  was  increased  to  149  500  lb. 
before  a  complete  set  of  readings  were  taken.     Some  scaling  on  rod  7 
at  239  500  lb.     Vertical  crack  over  rod  8  at  top  also  crushing  of 
concrete  over  spiral  in  upper  half  of  column  on  west  side  at  280  000 
lb.    Max. load  284  500  lb.     Practically  no  spalling, crushing  rather 
general  but  not  large  in  amount. 

Column  8991.3 

Eccentricity  1  in.     Plugs  for  long,  deformation  of  concrete 
were  flush  with  center  line  of  spiral  and  ll/s  in. from  long.  rods. 
Crushing  over  spiral  near  top  at  247  000  lb.    At  250  000  lb.  the 
first  tension  crack  appeared, slightly  below  center.    After  reaching 
the  max. load  of  251  400  lb.  a  set  of  readings  was  taken  and  the  load' 
was  reapplied.     Only  250  700  lb.  could  be  reached  after  which  the 
load  began  to  fall  off  while  the  machine  was  still  running. 

Column  8992.4 

Eccentricity  II/2  in.     Plugs  for  long .deformation  of  concrete  | 

were  flus^.  with  outer  surface  of  spiral  and  II/2  in. from  long. rods. 

Considerable  scaling  of  steel  on  west  side, and  one  very  small  tensio 

crack, at  278  500  lb.    A  few  fine  tension  cracks  and  some  .crushing 

at  314  000  lb. 

on  west  side  in  middle  2  ft/    Max. load  316  600  lb.     There  were  a 
considerable  iiumber  of  tension  cracks  but  none  large.     Crushing  of 

concrete  well  distributed  over  length  of  column  with  greatest  amount  I 

, bottom 

at  center  where  slight  spalling  occurred.    Rod  4  started  to^lip  at/ 
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Column  8992.5 
long . 

•    Eccentricity  1  in.     Plugs  f or/def 9rmatiai  of  concrete  were 
flush  with  the  center  line  of  spiral  and  11 A  in. from  long. rods, 
except  gage  line  147  which  was  2l/4  in. from  gage  line  247.  Crushing 
of  concrete  over  spiral  at  top  west  side  at  load  of  262  000  lb. 
General  scaling  of  steel  on  rods  7  and  8  at  load  of  296  000  lb.  At 
load  of  325  000  lb. slight  crushing  of  concrete  at  central  portion, 
no  tension  cracks  noted.     Max  load  328  700  lb.    After  taking  series 
of  readings  at  max.  load  the  load  was  released  to  20  000  lb. and  a 
complete  set  of  readings  were  taken  at  this  load;  after  this  series 
had  been  taken  the  load  on  the  column  was  22  300  lb. 

Column  8992.6 

Eccentricity  1  in.    Plug  for  long,  deformation  of  concrete 
were  flush  with  the  outer  surface  of  the  spiral  and  ll/4  in.  from 
the  long .rods , but  number  7  was  on  the  opposite  side  from  that  shown  | 
by  the  drawings.     Scaling  of  rods  7  and  8  at  top  and  bottom  at  load  I 
of  ki87  000  lb.     Max. load  331  500  lb. 

Column  8993.4 

Eccentricity  II/2  in.     Considerable  number  of  deep  voids 
around  spiral  at  bottom.     At  the  top  the  rods  projected  a  little 
above  the  concrete.    Plugs  for  long . deformation  of  concrete  were 
flush  with  outer  surface  of  spiral  and  all. except  niimber  107  were 
11/2  in. from  long. bars.     Number  107  was  midway  between  207  and  208. 
All  these  plugs  were  on  the  opposite  side  from  that  shown  by  the 
drawings.     Steel  scaling  at  all  levels  on  west  side  at  282  000  lb. 
General  failure  of  steel  on  west  side  and  crack  over  spiral  on  east 
side  at  308  000  lb.     Crushing  on  west  side  upper  portion, some  ten- 
sion cracks  in  upper  6  ft. well  distributed, at  324  000  lb. 
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Tension  cracks  from  center  up  for  2  ft.  at  load  of  333  000  lb. 
Max. load  333  700  lb.     Considerable  number  of  tension  cracks  but  nonej 
large   .    Failure  apparently  occurred  about  3l/2  ft. from  top.  No  I 
slipping  of  bars. 

Column  8993.5 

Eccentricity  1  in.     Plugs  for  long. deformation  of  concrete  ! 

I 

were  flush  with  the  center  line  of  spiral  and  ll/4  in. from  long. rods 

I 

Scaling  of  rods  7  and  8  at  top  and  bottom  at  load  of  300  000  lb.  | 
At  340  000  lb.  there  was  slight  crushing  of  concrete  over  spiral  at  i 
top  and  at  350  000  lb.  a  slight  crushing  near  center.    Failure  at 

\  j 

a  load  of  354  500  lb  by  bending  at  the  upper  third  point, very  littlei 

two  i 
crushing  except  for  about/feet  in  the  region  of  failure.    Tension  I 

^1 

cracks  in  region  of  failure  but  not  at  other  points.  | 

Column  8993.6  ; 
Eccentricity  1  in.  Top  of  column  was  full  of  voids.  Plugs  | 
for  long .deformation  of  concrete  were  flush  with  outer  surface  of  i 
spiral  and  ll/4  in. from  long. rods.  Scaling  of  7  at  top  at  load  of 
268  000  lb.  Scaling  of  7  at  bottom  at  load  of  300  000  lb.  Tension  | 
cracks  slightly  below  center  at  355  000  lb.     Max. load  360  800  lb.  I 

At  max.  load  there  was  slight  crushing  of  concrete  at  center  and  I 

! 

some  tension  cracks  below  center. 
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COLUMN  8986.4 
Unit  Deformation  on  Lateral  Gage  Lines 

Steel 


No. of        :  Applied  Load-lb. pfer  sq.in.  

Gage  Line; 515  750  IQOO  1250  1500  1750        2000  (2055) 

L              2.0  6.5  -1.5  4.0  4.5  14.0        89.0  Max. 

21  -10.5  -0.5  -5.5  :^.0  2.5  41.5  146.5 

41  -1.0  -5.0  -1.5  2.0  27.5  69.5  168.0  

Ave.     -5.2  1 .0  -2.8  1.5  11.5  41 .7  154.5  

5            -5.5  5.0  -1.5        0.1  1.0  2.0  8.5 

25            -6.0  2.0  -8.0  -1.5  -1.0  16.5  65.0 

45  0  .0   lO  ._5  -1.0  -1.5  -0.0  27.5  85.0  

Ave.     -5.2  2.2  -5.5  -1.0  0.0  15.5  52.2  

5            -5.0  4.5  -1.0        4.5  5.0  9.0  56.5 

25  2.0  2.5  2^.9  5.0  8.0  57.0  115.0 
45  -5.5  -4.5  -6.0  -2.5  9.5  58.5  129.0 

Ave.  -1.5  0.8  -1.7        1.7  6.8  54.8  99.5  

7            -8.5  1.0  -5.5  0.5  5.0  16.5  120.5 

27  2.0  6.5  6.5  11.5  55.0  85.5  275.0 

47  -2.5  -4.5  5.5  16.0  60.0  145.0  540  ._p  

Ave.     -5.0  1.0  1.5  9.5  52.0  81.7  244.5  

22  -4.5  0.0  -5.0  -1.5  1.0  23.5  77.0 
24            -7.0  -2.5  -6.5  -8.0  -5.5  9.5  54.5 

26  -6.0  -2.0  -7.0  -4.0  12.0  68.5  195.0 
26a            ---  -   — -  -~   

28  5.0  12.0  12.5  17.5  40.0  105.0  257.5    -  o » ^- 

29  5.5  6.0  7.0        9.5  25.5  79.0  215.0  _ 


Concrete 

021  4.5        8.0       -0.5        5.0        9.5  54.0  165.0 

025  -7.5       -1.5      -7.5       -2.5       -1.5  52.5  158.5 

025  5.0        5.0        2.0        4.5      12.0  49.5  142.0 

027   2.5        2.5        5.0       11.0       51.0  89.0  280.0 


Deflection  in  inches 
East  0.0        0.0      0.02      C.02       0.04    0.11  0.52  0.45 


COLUMN  8986.5 
Unit  Deformation  on  Longitudinal  Gage  Lines 

Steel 


No . o f         :  Applied  Load-lb.per  sq.in.  

Gage  Line;   745  1240  1490      1740       1985  ^35         2510  2770 

201  24.2  49.2  64.8       83.2  107.6  174.2  "330.2  958.0 

221  23.0  53.2  68.8  92.2  128.0  207.0  412.4  1102.0 
241  23.6  49.8  65.8       86.0  121.6  185.4  351.4  909.0 

Ave.     23.3  50.7  66.5       87.1  119.1  188.9  '  364.7  989.7 

202  11.4  26.2  ~  35.4       40.6       52.2  "7"3'.'2  104.2  202.2 

222  13.8  31.8  38.0  51.4  60.4  83.4  120.6  2^5,8 
242  18.0  30.0  38.0       48.0       60.0  79.6  115.4   221.0 

Ave.     14.4  29  .3  37.1       46.7       57.5  78.7  113 . 4  216.3 

203  5.4  13.0  15.2       18.4       17.4  5.4  -28."6  -148.6 

223  12.0  13.6  16.0  22. ki  16.8  1.6  -40.4  -179.6 
245               7.0  1 1   15  ^;_2  21.2       16.8  5.2  -54.2  -114.8 

Ave.       8.1  12.6  15.5      20.6       17.0  4  ^1   .34.4  -147.7 

204  5.0  12.0  17.0       20.0       20.0  12. C  -16.0  -132.0 

224  7.2  13. S  16.0  21.4  17.2  3.4  -3-3.8  -207.4 
244  8.0  14.0  16.0       22.0       18.0  11.0  -20.0  -138.0 

Ave  .  6.7  15.1  16 ^5.  21.1       18.4  8.8  -25.3  -159.1 

205  13.2  27.2  56.8..    47.2       59.2  79.0  144.2  529.0 

225  12.4  26.8  57.2  51.2  63.2  91.2  160.2  555.0 
245  11.6  24.6  51.6       45.2       55.6  77.2  122.2  251.2 

Ave.     12.4  26.2  55.2       47.2       59.5  "  82.5  142.2  311.7 

206  25.4  50.0  65.4  "~82.4  114.4  170.4  339.4  985.0 

226  22.8  49.0  66.8  88.6  124.8  205.8  450.0  1262.0 
246  19.6  42.4  57.6       80.4  107.6  153.6  350.0  900.0 

Ave.     22.6  47.1  65.3      83.8  115.6  176.6  575.1  1049.0 

207  52.6  66.0  85.0  111.0  153.0  241.0  516.0  1493.0 

227  28.0  63.0  88.0  109.8  156.4  281.2  630.0  1841.0 
247  55.4  _65^4  _  86.8  109.4  175.4  508.0   602.0  1460.0 

Ave.     51.5  64.1  '  86-8  llQ.l  161.6  276.7  582.7  1598.0 

208  54.6  67.8  86.6  110.6  143.2  221.6  476.0  1439.0 

228  27.6  65.2  87.2  119-2  187.2  285.2  611.0  1754.0 
248  54.2  63.6  86.6  HQ  5  148.6  245.5  540.0  1570.0 

Ave.     52.1  65.5  86.8  115.5  156.7  249.4  542.5  1521.0 


Concrete 

101             24.2  48.6  66.2  88.4  112.0  177.2  566.2  1130.0 

121             26.4  54.4  70.4  93.4  lki6.4  199.4  425.0  1211.0 

141  21.0  41.6  55.6  75.0  105.0  171.0  569.2  990.0 

Ave .     23 .9  48.2  64.1  85.6  115.8  182.5  586.8  1110.3 

103              7. id  15.2  17.8  22.4  25.0  16.4  -i5.6  -177.6 

123               7.8  15.0  15.8  24.2  17.8  9.8  -30.2  -245.8 

145               7.4  14.4  15.8  25.5  21.4  15.6  -16.0  -209.6 

Ave.       7.5  14.2  16.5  25.5  20.7  15.5  -20. C  -210.5 

105            15.6  26.4  29.4  38.6  46.6  58.6  80.6  128.6 

125              8.2  25.0  52.4  44.6  50.6  66.8  109.4  181.0 

145  8.0  21.0  26.0  54.8  47.0  51.0  75.2  _10@  ._4 

Ave.       9.9  25.5  29.5  39.3  48.1  58.8  85.1  159".  5 

107            55.0  67.6  87.0  114. O"  159.0  261.0  555.0  1491.0 

127            29.2  60.8  82.8  106.8  155.0  270.6  590.0  1690.0 

147  29.8  54.8  78.8  102.3  141.0  256.8  552.0  1517.0 

Ave.       50.7  61.1  82.9  107.9  151.7  256.1  558.5  ~1499.5 
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15.5 

19  .0 

56.0 

143.0 

395.5 

Ave  • 

3  .2 

5.8 

O  .  <c 

14.3 

23.5 

57.5 

139  .7 

486.2 

22 

-5.0 

-7.0 

-2.5 

-5.0 

-5.5 

-22.0 

32.5 

103.5 

1 . 0 

X  •  V 

-1 .0 

1.5 

-3.5 

0.5 

6.5 

14.5 

76.0 

-0 . 5 

5.5 

6.0 

5.5 

13.0 

42.0 

97.5 

260.0 

26  a 

t-/  w 

-2  .0 

4.5 

•7  ri 
r  .  U 

12.0 

24.0 

42.0 

100.5 

300.0 

28 

0.5 

4.5 

"7  r\ 
f  .  U 

7.0 

19.0 

63.5 

139.0 

865.0 

29 

2.0 

-2.0 

-o .  o 

2.0 

6.0 

57.0 

132.0 

393.5 

Concrete 

021 

W  w  X 

4.0 

2.5 

5.5 

9.0 

14.5 

30.0 

70.0 

253.0 

023 

3 . 5 

-2.5 

1.0 

0.0 

0.5 

-2.0 

29  .5 

68.5 

025 

\y  w 

0 .0 

-0 . 5 

0.0 

0.0 

-5.0 

0.5 

16.0 

162.5 

027 

10.0 

21.0 

24.5 

27.5 

48.0 

74.5 

150.0 

530.5 

Deflection  in 

inches 

East 

0.00 

0.01 

0.02 

0.02 

0.04 

0.07 

0.14 

0.43 

COLUMN  8986.6 
Unit- Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  57  Ib./sq.in. 
Steel 


No.  of         :  Apnlled  Load-lb.  per  sg.in.  

Gage  Line;  745  1245  1495  1740        1990  2510  2750 

2G1^           25.6  51.4  67.8  85.8  104.4  158.0  778.0 

221  26. o  56.6  76.8  105.8  145.8  352.0  1637.0 
241  23.4  48.8  64.8  66.8  115.8  217.6  1108.0 

Ave.       25.5  52.5  69.8  92.8  122.0  242.5  1174  ._5 

202              20.4  30.4  42.4  50.8         66.2  94.4  262.0 

222  18.4  58.4  48.8  66.0  88.0  140.4  519. C 
242                11.2  25.2  54.4  48.2         62.6  99.4  565.4 

Ave.       16.7  51.5  41.9  55.0        72.5  111.4  582.1 

205                8.4  15.8  22.4  25.8         27. S  20.4  -117.4 

225                7.6  18.0  21.6  26.4         22.0            0.6  -249.4 

245  7.2  15.4  18.4  25.8         27.0  9.6  -139.2 

Ave.         7.7  16.4  20.8  26.0        25.6  10.2  -168.7 

204  .4.8  15.0  20.0  ki2.6  26.0  15.2  -121.0 
:=i24  1  .'d  14.8  21.2  26.0  20.0  -8.0  -282.0 
244  7.0  14.2  18.0  25.6         25.8  6.0  -150.0 

Ave.         6.7  14.7  19.7  ;:^4.7         25.5  4.4  -187.8 

205  13.0  28.2  37.2  44.6         58.8  87.2  214.2 

225  12.8  31.8  45.6  56.4  74.6  145.8  479.0 
245              11.2  28.4  56.2  48.0         61.2  94.2  257.2 

Ave.       12.5  29.5  59.0  49.7        64.5  108.4  516.8 

206  25.0  50.4  65.4  84.4  111.6  185.8  862.0 

226  24.4  57.2  79.4  105.2  152. 572.0  1709.0 
246  19.4  45.4  61.4  81.0  105.8  187.4  1105.0 

Ave.       25.9  50.5  68.7  90.2  125.2  247.7  1224.7 

207  26.6  58.8  78.4  99.4  126.2  197.6  1180.0 

227  35  2  75.0  102.0  144.6  214.2  561.0  2551.0 
247  SI. 2  60.4  82.4  108.0  142.0  294.4  1668. 0 

Ave.       50.5  64.7  87.6  117.5  161.1  551.0  1795.0 

208  29.2  60.2  80.0  97.6  115.4  205.6  1227.0 

228  54.8  76.8  102.8  141.4  198.8  b'd'c  .0  2550.0 
248  51.6  62.6  85.8  109.6  142.0  508.6  1660.0 

Ave.       51.9  66.5  88.9  116.2  152.1  545.4  1812.5 


Concrete 

101              26.0  51.4  78.8  85.2  111.0         189.4  922.0 

121              50.2  64.2  86.2  117.0  179.4         584.2  1891.0 

141  25.0  50.6  65.6  87.6  117.0         252.0  1277.0 

^ve.         27.1  55.4  76.2  96.6  135.8         275.2  1566.7 

105              14.2  21.8  27.4  51.4  57.8           34.4  61.2 

125                9.0  19.0  25.6  50.4  50.0           20.6  -209.6 

145               11.8  19.4  25.8  51.8         55.2  24.0  -102.2 

Ave.       11.7  20.1  24.9  31.2         54.5  26.5  -85.5 

105                9.0  20.0  26.0  52.0  58.8           50.0  71.8 

125                7.2  21.0  50.0  38.6  46.0           70.0  121.0 

145  8.4  18.6  25.0  52.6         59.0  53.0  116.0 

Ave .         8.2  19.9  27.0  54.4        41.5  57.7  102.9 

107              20.8  47.8  65.4  82.4  105.4         185.4  1005.0 

127              51.4  71.6  98.0  152.2  195.8         516.6  2197.0 

147  26.6  58.8  75.6  95.4  126.8         260.5  1518.0 


COLUMN  8986.6 

42 

Unit  Deformation 

on  Lateral  Gage  Lines 

Initial  Load  57  lb. 

/on  1 

/  b  \^  »  JL  11  * 

Steel 

No .  of 

• 

Applied  Load-lb. 

i  n 

XIX  • 

Gage  Line 

:  745 

1495 

1740 

1  QQO 

P'^1  0 

2750 

1 

5.0 

X  X  .  u 

9  .0 

12.5 

1  R  n 
X  O  .  U 

90  0 

216.0 

21 

7.0 

Xrfc  .  W 

12.0 

27.5 

AR  n 

1  1  O  O 

XXU  .  \J 

158.0 

41 

6.0 

10.5 

14.0 

1  A  R 

R 

366.5 

Ave . 

6.0 

10.5 

18.0 

PR  R 

R 
.  o 

243.5 

3 

4.0 

1  P> 
X  .  D 

l.C 

1.0 

1  0 
X  .  V 

1  R 
X  .  u 

75.5 

23 

3.0 

A  R 
ft  •  O 

2.5 

6.0 

1  R  O 
X  D  »  U 

138.5 

43 

4.0 

o .  u 

-0.5 

-1 .0 

P  R 

A  O 

103.6 

Ave , 

3.7 

O  m  'O 

1.0 

2.0 

1  R  P 

X  O  . 

105.8 

5 

1.0 

1  D 
X  .  u 

-0.5 

0.5 

O  R 

11  R 
XX  .  u 

100.5 

25 

5.0 

o .  o 

5.  5 

11.5 

PP  R 

320.0 

45 

0.5 

n  R 

u .  u 

-3.0 

0.0 

PR  R 

174.0 

Ave . 

2.2 

1  7 
X  .  / 

0.7 

4.0 

IP  '2; 

X  c  .  O 

Ok?  .  O 

198.2 

7  . 

3.5 

O  .  w 

3.0 

9.5 

14  0 
X  rt  »  VJ 

TtO  .  U 

340.5 

27 

5.5 

10  R 

16.5 

27.5 

R*^  R 

1  PQ  R 

X  (Oi?  .  O 

47 

4.0 

10.0 

7.0 

10.0 

1  R  O 
X  D  .  V 

71  O 

280.  C 

Ave  . 

4.3 

8.0 

8.S 

15.7 

ft!  P 
OX  .  <i 

310.3 

22 

6.5 

8.5 

6.5 

17.5 

32.0 

87.0 

333.0 

22a 

0.0 

1  0 

X  .  w 

-1.5 

4.0 

16.0 

70.0 

240.5 

24 

-1.0 

0 

-1.5 

4.5 

7.5 

43.5 

118.5 

24a 

0.0 

  *I  .  »J 

-5.5 

-2  .0 

7  O 

Ql  R 

C7  X  .  O 

146.0 

26 

4.5 

R  O 

13.0 

23.0 

A.A  O 

1  Oft  o 

535.5 

28 

10.5 

11.5 

20.5 

30.0 

R7  O 

1  AO  R 

Concrete 

021 

6.5 

13.4 

12.5 

28.5 

49  .5 

109.0 

553.0 

023 

3.0 

4.5 

2.5 

7.0 

14.5 

54.5 

157.0 

025 

0.0 

-1.5 

-0.5 

0.5 

11.0 

50.0 

204.5 

027 

4.5 

12.0 

17.5 

28.0 

54.0 

144.0 

Deflection  in  inches 

East 

0.00 

0.01 

0.01 

0.01 

0.03 

0.07 

e.55 

C0IUMN  8987.1 
Unit  Deformation  on  Longitudinal  Gag; 

Initial  Load  36  lb./s:i.in. 

Steel 


Lines 


43 


No .  of 


500 


201 
221 
241 


16.8 
13.4 
20.6 


 Applied  Load-lb. per  s:..in. 

745  1000       1245      1500  1750 

53.6 
66.6 
73.8 


29  .4 
26.2 
32.4 


35.8 
45.6 
52.0 


77.0 
89.8 
109  .6 


102.6 
111.0 
193.2 


_2000 

231.4 
401.2 


2255 


388.2 
550.0 
803.0 


202 
222 
242 


Ave.     16.9       29.3      .,44.5  64.7 


Ave . 


203 
223 
243 


8,0 
7.8 

0.4 
1 .2 
4.4 


92.1     135.6       270.1  580.4 


10.2 
12.8 
11.4 


36.2 
48.0 
67.4 


Ave  . 


204 
224 
244 


_2.0 
■1 .2 
2.2 
0.0 


2.4 
-0.8 

_0.8 

2.8 
1.4 
-1.0 


23.0       26.6  32.8 

22.8       28.2  34.8 

21.2       29.4  41 .8  

 3  6  ,^5  50  ^ 

1.6  0.6       -9".  2 

2.0  -6.4  -22.2 

3.4  -7.0  -35.6 


01  .4 

76.0 
104.2 


69.8 
100.6 
-44.4'^ 


11.5       22.3  28.1 


4.4 
3.4 
3.4 


X77.^ 
"-48.0 
-74.8 
-82  .6 


42.0 


-118.2 
-167.8 
-121.0 


_3/7 
3.4 
5.6 

-1.2 


2.3 


-4.3     -22.3       -68.5  -135.7 


5.0  5.0  -4.2 

4.6  -1.6  -17.4 
-1.6       -12.8  -37.6 


-35.4  -112.8 
-68.2  -164.4 
-84.6  -116.6 


Ave  . 


0.3 


1.1 


2.6 


3.7 


205 
225 
245 


12.4 
12  .8 
8.8 


17.0 
17.8 
14.4 


-3.1     -19.7       -62.7  -131.3" 


21.8 
27.8 
24.8 


31.6 
35.0 
33.4 


39  .0 
45.4 
47.2 


50.2 
63.8 
70.2 


Ave.     11.3      16.4      24.8  33.3 


79.4 
103.6 
107.6 


109  .6 
179.2 
171.4 


206 
226 
246 


19 

22  .4 
20.6 


43.9  61.4 


96.9 


46.2 
52.6 

 56  ._g 

Ave.     20.8      33.9  51.6 


31.8 
35.8 
34.2 


61.0 
71.2 
77.4 
'69.9 


81 .8 
99.6 
115.6 


103.6 
137.4 
190.4 


167.0 
292.0 
386.4 


207 
227 
247 


99.0     152.8       281 ;8 


27.4 
22.8 
28.6 


40.4 
41.2 
45.6 


60.6 
69.0 
73.4 


153.4 
379  .0 
630.0 
755.0 
"588.0 


83.8 
98.2 
102.4 


Ave . 


208 
228 
248 


23.4 
26.0 
26.6 


42.4  67.7 


44.4 
48.0 
44.6 


61.8 
74.0 
75.6 


94.8 
86.2 
99  . 6 
106.2 


104.8 
134.0 
162.6 
133.8 
108.0 
125.6 
154.2 


141.4 
207.0 
298.8 


248.6'  629.0 


632.0  649.0 


Ave . 


215.7  440.3 
138.2 
200.4 
309.0 


639.0 


44  .  4       70  . 5 


239.0 
414.0 
649.0 


97. 


129.3     215.9  249.5 


561.2 
864.0 
1256.0 
900.4 


Concrete 


101 

19  .6 

33.8 

50.8 

69.2 

93.4 

124.2 

208.8 

499.2 

121 

11.0 

35.0 

56.4 

77.2 

109  .0 

177.0 

366.4 

762.0 

141 

19.8 

34.8 

58.2 

80.0 

120.4 

239  .0 

479.2 

890.0 

Ave . 

16.8 

34.5 

55.1 

75.5 

107.6 

180.1 

351.5 

717.1 

103 

-1.2 

-0.4 

1.0 

1 .6 

-0.2 

-7.8 

-32.0 

-136.6 

123 

-1.2 

-3.6 

-2.6 

1 .4 

-8.2 

-24.0 

-87.4 

-270.0 

143 

0.0 

-1  .8 

-1.0 

-1.6 

-9  .0 

632.4 

-94.6 

-251 .8 

Ave  . 

-0.8 

-1 .9 

-0.9 

0.5 

-5.8 

-21  .A 

-71 .3 

-219 .5 

105 

9  .4 

11  .8 

16.0 

22.0 

25.2 

32.6 

43.4 

53.6 

125 

10.4 

16.2 

19.4 

26.0 

32.0 

39.8 

51.6 

75.0 

145 

7.6 

12  .4 

21.4 

26.0 

30.6 

41.0 

53.6 

59.0 

Ave . 

9.1 

13.5 

18.9 

24.7 

29.3 

37.8 

49.5 

62.5 

107 

22  .4 

33.2 

49.4 

70.4 

88.4 

118.6 

204.6 

526.0 

127 

25.8 

47.6 

70.0 

93.4 

127.6 

196.4 

402.4 

597.0 

147 

26.4 

44.6 

71.2 

97.2 

147.2 

274.6 

552.4 

1095.0 

Ave  . 

24.9 

41.8 

63.5 

87.0 

121.1 

196.5 

386.5 

839.3 

COLUMN  5987.1 
Unit  Deformation  on  Lateral  Gage  Lines 
Initial  Load  36  Ib./sq.in. 
Steel 


No.  of 

« 

Applied  Load 

-lb .per 

sq . in. 

Gage  Line 

:500 

745 

1000 

1245 

1500 

1750 

2000 

2255  2290 

1 

-4.5 

-4.5 

-4.5 

-0.5 

0.5 

3.5 

9.0 

2.0 

21 

-2.5 

-5.5 

2.5 

-6.0 

1.5 

5.0 

32.0 

79.5 

41 

1.0 

0.5 

6.5 

9.5 

12.5 

27.5 

69  .0 

118.0 

Ave . 

-2  .0 

-3.2 

1.5 

-2.0 

4.8 

12.0 

36.7 

66.5 

3 

-4.5 

-8 . 5 

-7.0 

-11.0 

-4.5 

-3.0 

-3 . 0 

10.5 

23 

-2/0 

-6.0 

-3.0 

-16.0 

-4.0 

-5 . 5 

5.5 

33.5 

43 

3.5 

5.5 

-2.0 

0.5 

1.5 

3.0 

17.0 

40.0 

Ave  . 

-1.0 

-3.0 

-4.0 

-8.8 

-2.3 

-1.8 

6.5 

28.0 

5 

-1 .0 

-3  . 5 

-6.0 

1.6 

0.5 

3.0 

25.5 

25 

1.5 

-2.5 

-2  .0 

-13.0 

3.0 

-1 . 5 

17.5 

52.0 

45 

3.5 

4.5 

3.5 

14.0 

14.0 

16.5 

38.0 

82.5 

Ave  . 

1.3 

-1.2 

-0  . 7 

-  1.7 

6.2 

5.3 

19  .5 

53.3 

7 

JL  .  O 

0.0 

-4.0 

7.0 

ft  8  0 

27 

2.5 

2.5 

14.0 

12.0 

22  .0 

29.0 

64.5 

125.5 

47 

1  .5 

2.0 

6.0 

10.5 

18.5 

3o .  5 

77.5 

164.5 

Ave . 

1.7 

1.0 

6.7 

6.2 

15.8 

23.5 

58.2 

126.0 

22 

2  .0 

-2.5 

0.0 

-8.5 

2.5 

4.0 

14.0 

58.5 

24 

-2.0 

-1.0 

-8.0 

-13.0 

-4.0 

-4.0 

2.5 

32.0 

24a 

3.5 

-5.0 

-3.5 

-14.0 

-5.0 

-5.0 

3.5 

31.0 

o  .  u 

IvJ  .  o 

-12.0 

-11.5 

-3.0 

-9  D 

'^p  n 
o<c  » u 

28 

-2.5 

*r  6.0 

-6.0 

-  8.5 

-2  .0 

13.0 

52.0 

107.0 

29 

-0.5 

-  4.0 

■  0.5 

0.5 

11.  5 

_19,.^  , 

55.0 

109  .5 

Concrete 

021 

1.5 

-3.0 

0.5 

-7.5 

12.5 

13.5 

42.0 

94.5 

023 

1.5 

5.0 

5.5 

6.5 

6 . 5 

3.0 

20.0 

63.0 

025 

0.0 

-2.4 

-0.5 

-5.5 

3.5 

3.5 

73.5 

52.5 

027 

7.5 

10.0 

16.0 

20.0 

33.5 

44.5 

81.5 

161.5 

Deflection  in 

inches 

East 

0.00 

0.00 

0.00 

0.00 

0.05 

0.11 

0.17 

0.33  0.68 

i 

i 


I 

i 

1 

t 

i 


i 


COLUMN  8987.2 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  47  Ib./sq.in. 
Steel 


45 


No.  of 


Applied  Load-lb  per  sg.in. 


Gage  Line; 7601025  1500  1765  1995        2245  2500      2750      2970  3240 


20)1  23.0  37.0  60.0  63.0   ~  95.6  119.0     168.0     2^4"^     425.0  927.0 

221  24.6  41.0  60.2     83.4  103.2  137.6     236.6     358.8     544.0  1196.0 

241  25.0  33.0  60.0     82.0  107.8  140.6     214.6     345.6     505.0  1044.0 


Ave.  24.2  37»0  60.1     82.8  102.2  132.4     206.5     329.9     491.3  1055.7 


202  12.6  21.0  32.6     44.4     50.4  60.6 

222  11.0  16.0  29.8     39.4     45.6  56.0 

242  19.0  22.2  33.0     57.2     48.6  65.0 


77.2 
81.8 
84.6 


116.6 
95.6 
100.8 


153.6 
134.4 
131.0 


Ave.  14.2  19.7  31.8     47.0     48.1     60.5      81.2     104.3  139.7 


233.6 
160.0 
162.4 


203 
223 
243 


4.8  15.4  15.6  17.6  18.0  12.6 
9.8  11.6  20.8  19.0  15.2  8.0 
9.6  12.0  15.0     16.0     15.2  9.0 


185.3 


1.6  -26.6  -72.4  -214.6 
-12.0  -48.4  -96.6  -515.0 
-13.8     -47.8     -86.6  -218.0 


 Ave.     6.1  12.7  17.1     17.5     16 . 1 


9.9 


204 
224 
244 


4.6  10.4  17.6     20.6     21.6     17.6         7.6     -13.6  -51.6 
10.6  11.4  17.6     20.6     18.6     13.2       -6.2     -34.8  -82.0 
7.6  10.6  18.2     18.0     18.8     13.8       -5.0     -33.6  -69.2 


-8^1_  -41.0     -85.9  -315.9 

-195.2 
-440.0 
-280.0 


Ave.     7.6  10.8  17.8     19.7     19.3     14.9       -1.2     -27.4  -67.7 


205  15.^4  24.0  35.0  51.0 

225  17.0  26.6  41.0  57.4 

245  19.6  23.8  39.6  53.6 


56.2 
63.0 
65.2 


67.4 
79.0 
79.6 


85.6 
108.6 
105.8 


111  .6 
159  .4 
146.6 


156.4 
215.0 
193.6 


247.0 
309.0 
276.0 


Ave.  17.5  24.8  38.5     54.0     61.5     75.3     100.0     139.2     188.3  277.3 


206  23.4  35.4  60.8     85.0     99.8  129.8  196.0" 

226  24.4  66.8  70.2     97.4  117.6  165.4  251.4 

246  28.4  40.0  67.6  111.6  110.0  152.8  230.2 


Ave.  25.4  47.4  66.2     98.0  109.1  149.3 


125.21 
39  5.0 
299  .0 


477.0 
573.0 
480.0 


207  33.4  49.2  82.2  111.8  139.4  174.6 

227  36.0  50.0.89.8  127.4  156.2  239.0 

247  35.4  49.6  85.4  121.6  154.4  225.4 
Ave.  34.9  49.6  85.8  120.5  150.0  213.0 

208  31.6  46.2  82.0  118.0  136.4  185.2 

228  34.4  49.0  84.4  119.4  154.4  206.2 

248  32.4  46.8  62.6  112.4  137.2  204.2 


225.9 
269.6 
321.0 
362  .2 


962.0 
1280.0 
1046.0 


273.1 
430.0 
566.0 
604.0 


510.0 
659.0 
874.0 
886.0 


1096.0 
1444.0 
2086.0 
1799.0 


317.6     533.3     606.3  1776.3 


270.2 
319.6 
339.4 


445.0  706.0  1515.0 
574.0     658.0  1768.0 


Ave.  32.8  47.3  83.0  116.6  142.7  198.5     309.7     509.5     782.0  1641.5 


101 


Concrete 

24.8  38.8  64.6     86.2  103.2  130.4     190.6     325.0     517.0  1140.0 


121 

22  .0 

37 

.0 

64 

.2 

89 

.0 

106 

.6 
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.4 

240 

.0 
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.0 
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.0 
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.0 
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.0 
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.0 
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Unit  Deformation  on  Lateral  Gage  Lines 
Initial  Load  47  Ib./sq.in. 
Steel 


No  .  of        :  Applied  Load-lb .  pe r  sg .  in.  

Gage  Line;76Q     1025  1500     1765  1995  2245  2500  2750  29  70  5240 

1            -3.5     -0.5  -0.5      2.5  ~8~.0  13.0  '34.0  73.5  'll6.5  208.5 

21  -1.5  -7.0  -4.0  1.1  7.5  15.5  38.0  67.5  106.5  204.5 
41  3^  7^5  10.0     14.0  16.5  22.0  50.0  84.0  121.0  185.5 

Ave.     -0.7      0.0~      1.8     5.9  10.7  16.8  40 .7  75.0  114.3  199.5 

3              1.5      7.0       8.0      7.5  13.5  14.0  19.5  75.0  59.0  85.0 

23  -0.5  1.5  -4.0  -5.0  -1.0  2.5  8.5  32.5  53.0  75.5 
43  1 . 0     .4.5  12  ._0_    14.5  1 5^0  1 5^5 _ _18  •  5__  47  .0  68. 5  78.5 

Ave.      "0".'7"    4.3       5.3""  5.7  "9"". 2  10.7  15  .5  "37.3  60.2"  '  79.7 

5            -1.5  -12.5  -7.5  -13.0  -9.5  -13.0       ^,0  21.0  44.5  85.0 

25              3.5  -  1.0  -3.0     4.0  7.5  9.5  27.5  56.5  71.5  126.0 

45  -6.0  -  6.5  -9.5  -11.5  -8.0  -  2.0       4.5  4.9  75.5  101.0 

Ave .    '-1.3  -  6.7  -6.7  -  6.8  -3.3  -  1.8  12.3  27.5   63 .8  104.0 

7              4.0       7.5      8.0       4.5  17.0  27.0  37.0  70.5  112.5  294.0 

27  4.5  1.5  6.0  11.0  16.0  28.0  53.5  87.5  132.0  --  - 
47  5.5       4.5      9.5     22.5  21.5  58.5  69.0  105 .0  151.5  348.0 

Ave .       4 .7  4^5  _    7.8     12.7  _  18.2  51.2  55.2  87.7  152 .1  521.0 

22  -5.0     -1.5  -1.0     -0.5  4.5  10.5  25.0  45.0  70.0  106.0 

24  -6.0  -0.5  -7.5  -2.5  5.5  4.5  9.5  27.5  59.0  59.5 
24a  4.5  -9.0  -7.5  -4.0  0.5  1.0  12.5  29.0  44.5  65.0 
26.0         -2.0     -2.0  -5.0       8.5  9.5  21.5  41.5  75.0  100.5  256.0 

28  5.0  5.5  7.5  15.5  16.5  55.0  60.5  95.5  141.0  502.5 
29  -5.6     -5.5       5.5     10.5  15.0  28.0  60.0  94.5  129.0  407.0 


Concrete 

021            -2.5      1.0     -2.0       2.5    10,0     21.0  39.0  64.5     105.0  198.0 

023             -5.0     -6.0     -5.5  -4.5       -6.0     -4.5  2.0  56.5       61.5  105.0 

025              0.0     -0.5      7.5     10.0     12.0     16  5  50.5  67.0      95.0  168.0 

027            -5.0     -6.0     -4.5       5.0      9.0     20.5  45.5    91.5  152.5  


De  f  1  e  c  t  iprLJjxJjQp.hfes 
East  0.00     0.00     0.00     0.00    0.05     0.05     0.07    0.12       0.20  0.57 


w  Wlj  Ui»LlM     OlyO  1  '  o 
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Unit  Deformation  on  Lateral  Gage  Lines 
Initial  Load  50  Ib./sq.in. 

Steel 


N o . o f        :  Appl led  Load-lb ._p.e_r  sg  »in« 


Gase  Line :       750          1500  1745  2"250  253 5  2 76 5_ 

1                   0.5          10.5  13.0  53.5  95.5  199.5 

21                    5.0          10.0  14.0  59.0  117,0  301.5 

41                  -1 . 5          1 1.0  14.5  59.0  108.5  195.0 

 Ave:            1  ".Y          10.5  _  ^  '13.8  57.2  107.0  232 -0 

— 3                    270             675  8.0  22.0  48.0  70.0 

23                    0.0            2.5  2.0  14.5  49.0  79.0 

43  -5.0  2,:_0  5_._0_  20.0  50.0  74^0. 

-1.0            j3  .7  5.0  18.8  49.0  74  ._3_ 

8.0  10.0  39.5  74.0  121.0 

4.0  8.0  35.0  68.0  91.5 

5.5  6.0  35 .0  71.5  108.0 

5.2       "     8.0  36.5  71.2  106.8 


Ave . 


"  3.5  8.0  10.0  39.5  121.0  347.0 

27  -1.0  14.5  24.0  81.0  161.5  560.5  =^pO^W 
47   4.5  14.0  18.4  58.5  113.5  281.5   

Ave.  2.3       '  12.2  14.2  59.7  132.0.  396.5 

"22  2T5  9T5  10.5  43.5  93.0  153.0 

o2a  1.0  4.0  4.5  19.0.  52.0  85.5 

24  3.0  4.5  3.0  14.5  45.5  74.0 

26  3.5  11.0  20.5  61.5  114.5  184.0 

26a  0.0  9.0  14.0  55.5  110.5  235.5 

28  -0.5  15.5  19.5  64.5  135.5  459.0  .oofi 


Concrete 

021                    3.5          12.5          16.5  62.0  145.0  339.0 

023                  -3.0            2.i            1-5  31.5  95.0  159.0 

025                  -6.5            5.5          -4.5  9.0  26.5  40.5 

027  -2.5  8.0          13.0  85.0  157.0  394.0 

Deflection  in  inches 

East                0.00          0.03          0.03  O.li  0.27  0.65 


COLUM  89 88. 4 
Unit  Deformation  on  Longitudinal  Gage  Lines 

Steel 
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No . of      J  Applied  Load-lb.per  sq«iiii.  

Gage  Ling  500  1000  1400  1800      2100  2595  2695  "  2995  3180 

201  13.9  27.2  44.6  60.2       75.2  89.8  116.4  181.6  330.6 

221  15.4  30.4  47.6  65.0  77.8  95.0  125.8  221.8  430.2 

241  15.2  29.0  46.0  64.2       76.4  83.6  128.6  225.6  4t;5.4 
Ave.  14.2  28.9  46.1  65.1       77.1  89.5  123.6  209.0  405.4 

202  ^,       7.4  16.4  20.2  24.8       32.6  39.0  35.8  56.4  75.2 

222  "       4.2  11.6  19.8  25.4       52.0  36.6         46.0  72.8  94.4 

242  ^-      4.8  14.6  24.5  50.6       57.2  44.8         57.0  90.8  112.8 
Ave.     5.5  14.2  21.5  26.5      55.9  40.1        46.5  75.5  95.5 

205             7.8  6.8  8.2  8.8       10.6  15.6         11.0  -9.4  -56.0 

225             1.0  2.2  4.4  5.4         5.6  7.4          1.6  -51.4  -80. § 

243  3.2  7.8  12>4  1Q,6      12.6  16.2          8.2  -30.0  -76.6 

Ave.     4.0  5.6  8.5  7.7        9.6  12.4  6.9  -23.6  -71.0 

204  5.0  6.0  9.6  10.2       12.0  16.4        13.4  -4.0  -51.8 

224  6.2  10.0  13.2  10.4  15.8  20.0  12.8  -17.0  -70.0 
244  3.4  8.0  10.4  12.6       14.0  15.0         11.0  -28. §  -80.0 

Ave.  4.9  8.0  11.1  11.1       15.9  17.1        12.4  -16.5  -67 . 5 

205  9.6  21.2  27.0  55.8       41.8  48.0         57.4  77.0  97.6 

225  15.2  20.6  29.0  38.0       47.2  56.2         66.6  96.4  151.8 

245  12.6  21.6  56.6  42.8       50.8  60.0         72.6  106.2  155.2 
Ave.  11.8  21.2  50.9  58.2      46.6  51.4        65.5  95.2  126.2 

206  19.6  57.0  50.6  70.8      85.0  104.0  122.6  192.4  568.8 

226  15.0  52.8  50.6  59.6      84.4  102.2  152.2  227.0  440.6 

246  25.6  54.6  51.6  71.6       87.4  106.0  141.8  275.7  485.0 
Ave.  20.1  54.8  50.9  67.5      85.6  104.1  152.2  251.0  450.8 

207  21.4  45.6  67.6  89.2  109.2  126.4  144.8  217.6  465.8 

227  26.2  47.8  70.0  95.8  11^.4  138.6  172.2  517.8  685.0 

247  23.0  46.2  71.8  92.0  114.8  138.0  169.0  592.2  878.0 

Ave.  25.5  46.5  69.8  91.7  112.8  154.5  168.0  509.2  676.5 

208  18.2  58.6  65.4  81.6  102.0  122.6  146.4  245.0  469.0 

228  22.2  40.4  65.4  89.8  110.4  135.2  174.2  352.6  745.0 

248  19.6  42.4  64.6  90.8  110.0  132.6  190.6  400.8  882.0 
Ave.  20.0  40.5  64.5  87.4  107.5  150.1  170.4  552.1  698.7 

Concrete 


101  15.0    25.2  46.0 

121  19.0     56.8  55.8 

141  16.8     35.2  51.6 


59.8  75.8  87.6 
72.4  89.8  109.4 
72.4      86.0  102.8 


112.4  184.2  595.6 
145.6  290.8  585.0 
140.8       305.8  569.8 


Ave.  16.9  51.1  51.1  68.2  85.9  99.9  152.5  259.6  516.1 

105            7T4  5T0  6T4  6. a  10.2  STO  678  -16 .6  ^74.2 

125            5*3  6.4  8.0  8.2  9.4  10.0  5.8  -20.2  -87.6 

145  5.4  5.2  11.0  12.6  15.0  17.4  12.0  -26.8  -3:51.6 

Ave.     5.5  4.9  8.5  9.0  11.5  11.8  8.2  -21.2  -97.8 

105            8.8  17.8  19.8  25.8  29.0  52.6  58.2  42.0  42.0 

125            9.4  12.4  18.4  24-6  50.0  56.6  59.2  55.6  65.4 

145  7.4  11.4  19.6  25.0  28.0  55.0  55.4  31.4  -12.6 

Ave.     8.5  13.9  19.5  25.8  29.0  34.1  44.3  42.5  51.6 

107  17.0  56.2  59.6  77.8  97.0  116.8  142.4  255.6  463.0 

127  22.8  44.0  65.8  85.8  106.6  128.0  164.6  311.6  627.0 

147  25.4  48.0  75.2  98.2  120.8  147.6  204.0  452.2  912.0 

Ave.  21.7  42.7  66.2  87.5  108.1  150.8  170.5  526.5  667.5 
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COLUm  89 88. 5 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  62  lb»/sq.in. 
Steel 


N  o  .  o  f        .  App  lie  d  L  qad  -  lb -per  sq»in.  

Gaae  Line: 1005  1500  1995"    2490  2740  2995  5220  5570  163' 

201  25.4  40.4  65.6       91.0  112.4  165.4  289.4  1180.0  1043.0 

221  22.0  41.8  64.0       87.8  109.4  157.0  216.4  1020.0  872.0 

241  24.2  57.8  63.2       8 4.2  98.8  129.6  175.4      820.0  674.0 
Ave.  25.2  40.0  64.5      87.7  106. 9  144.0  226.4  1006 .7  864.5 

202  7.6  20.4  54.6       46.6  56'.8  67^  81.8        207.4  529.6 

222  14.8  24.2  56.8       52.2  *  61.8  74.8  97.2         204.8  154.8 

242  15.0  21.0  57.2       51.0  58.0  66.0  88.6        240.8  165.0 
Ave.  12.5  21.9  56.2       49 .9_       58.9  69.4  ~89.2        217.7  209.1 

205            4.6  10.8  19.2       24.6  24.6  7.2  -27.8  -129.4  -120.4 

225            8.6  11.6  20.0       25.8  28.0  19.8  -12.6  -125.4  -119.0 

245          10.0  15.6  _22.0  26.0  56.0  29_.2.___10 .__g_     -98.0  -98.0 

Ave.     7.7  12.0  20.4      25.5  29.5  18.7  -1C.(D  "-116.9  -112.5 

204  9.8  16.2  25.2       55.2  35.8  18.8  -9.8  -137.8  -131.0 

224  15.6  16.6  27.2  48.6  54.6  25.8  -1.6  -148.0  -1-33.4 
244  9.8  14.6  24^0        32.0  57.6  _53 ._6  14.0  -107.0  -  81.0 

Ave.  11.1  15.5  25.5      58.6  35.3  25.4  -0.9  -150.9  -115.1 

205  20.2  55.2  53.0       69.0  81.6  105.0  145.8      445.0  542.8 

225  23.4  58.8  51.8       68.8  82.0  105.2  126.8       170.8  295.2 

245  17.0  29.0     45.0  57.4  67.0  77.6  104.0       507.0  225.2 

Ave.  20.2  "54.5  49.5       65.1  76.9  95.5  125.5  507.6  287.7 

206  55.2  57.2  86.8     111.2  159.2  214.8  404.0  1364.0  1199.0 

226  52.4  54.6  81.6     109.6  155.4  168.6  518.4  1552.0  1182.0 

246  29.8  46.8  70.8      95.4  114.6  145.2  255.6  1006.0  840.0 
Ave.  52.5  52.9  79.7     105.4  129.7  176.2  592.0  1240.7  1075.4 

207  41.4  66.8  101.2     135.8  151.8  277-2  552.0  1927.0  1707.0 

227  61.2  64.8  96.8     113.6  156.6  186.8  394.8  1790.0  1501.0 

247  55.4  57.4     89.4  125 . 8  147.6  209.4  531.2  1473  -  0  1270  ._0 

Ave  .  46.1  _  63.0  95.8     13r."7  152.0  224.5  419.5  175Q»0  1492"". 7 

208  41.2  64.2  96.4     131.4  161.2  248.4  514.0  1845.0  1640.0 

228  34.2  57.2  89.2     125.2  145.0  180.2  581.0  1655.0  1555.0 

248   54 ^4_  55.6  88.0     117.2  140.2  165.4  262.0  1521.0  1121.0 

Ave.  56.6  59.0  91.2     123.9  148.8  198.0  585.7  1599.7  1452.0 


Concrete 

101           29.6  49.6  76.8  105.2  148.6  254.8  440.0  1481.0  1558.0 

121           26,6  44.4  72.4  96.6  120.0  17C.2  522.6  1594.0  1216.0 

141  28.8  45.2  69.4  98.0  112.4  149.2  262.0  1521.0  1121.0 

Ave.  28.5  45.7  72.9  99.9  127.0  184.7  541.5  1598.7  1225.0 

105            4.8  10.0  17.6  25.0       22.8  5.6  -21.2  -145.0  -548'. 0 

125            6.4  9.6  18.6  25.8       26.6  19.6  -  2.8  -164.0  -238.0 

143  10.0  13.6  24.0  26.4      55.0  _  26.8  24.0  -  90.0  -122.0 

Ave.     7.1  11.1  20.1  25.1       27.5  17.5  0.0  -152.3  -236.0 

105          18.2  30.0  45.8  62.0       72.0  87.8  116.0  218.0  145.8 

125           14.8  25.6  55.8  48.8       55.2  57.6  65.0  85.2  56.4 

145           12.8  25.0  54.6   44.0       52. Q  55.4  64.0  101.8  46-2 

Ave.  15 ,_3  25.5  58.7  51.6      59.5  66  9  "81.7  154.5"  75.5 

107          41.2  75.0  108.6  145.2  189.2  336.6  606.0  2046.0  1819.0 

127           41.8  67.8  96.0  159.2  164.8  252.6  447.8  1907.0  1676.0 

147           51.2  51.2  78.0  106.4  125.8  171.6  515.2  1270.0  1070.0 

Ave .  58.1  64.0  94.2  150.5  159 .9"  "  246.9  455.7  1741.0  1521.7 
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COLUMN  8988.5 


Unit  Deformation  on  Lateral  Gage  Lines 
Initial  Load  62  Ib./sq.in. 
Steel 


No . of        :  Applied  Load-lb.per  sq»in»  

Gage  Line; 1005  1500  1995  2490  2740  2995  3220       5570  165 

1                4.5       5.5  15.0  20.0  50.5  64.5  113.0  319.0  244.0 

21                0.0      0.0  0.0  -3.0  -4.5  9.5  41.5  229.0  165.5 

41  -1.5  -8.5  4.0  8.0  7.0  17.5  47.0  227.0  167.0 

Ave.         1.0      -1.0  6.3  8.5  .11.0  30.5  67.2  258.5  192.2 

3                0.5      1.0  8.0  8.5  10.0  20.5  45.5  117.5  101.0 

23  0.0  -3.5  -3.0  -5.0  -  5.5  -3.0  8.0  79.5  81.5 
43  -5.5  -4.5  -5.0  -2.0  -  2.0  -4.5  -0.5      86.0  70.0 

Ave.     -1.7  -2.3  -O.C  0.5  0.8  4.3  17.6      94.5  84.2 

5                1.5      2.5  9.5  15.0  21. C  37.5  66.5  168.5  131.0 

25  3.5  8.0  9.0  11.5  15.5  32.0  61.5  191. C  157.5 
45  -2.0  -4.5  2.0  9.0  1.0  6.0  27.5  158.0  90.5 

Ave.         1.0       2.0  6.5  11.8  12.5  25.2  51.8  165.8  126.5 

7               9.0  15.0  24.0  55.0  41.0  89.0  196.5  150.0  96.0 

27              -6.5       5.0  8.5  20.0  24.5  59.0  99.0  188. 0#  152.5 

47                7.0  15.5  28.0  51.0  55.0  48.0  86.0  504.5  425.0 

Ave .   5.2       9.8  20.2  28.7  55.5  58.7  127.2  281.2  217.2 

22,             -0.5  -5.0  4.5  -1.0  0.5  2.5  27.0  158.5  150.0 

24  2.0  5.0  5.0  10.5  2.0  6.5  9-0  65.5  68.5 
24a            -1.5      4.5  8.5  7.0  6.0  18.5  24.0      94.0  84.0 

26  -4.0  -5.5  -2.5  1.0  10.0  26.5  59.0  250.0  180.5 
26a  -4.0  7.0  12.5  21.5  25.0  58.5  45.0  414.5  541.0 
28  -4.0       2.5  9.5  18.5  19.0  55.0  85.5  479.5,  596.0 


Concrete 

021              -1.(0       1.5      5.5      7.5     10.0    21.0  62.5  247.0  207.5 

025              -9.0     -7.5     -5.5     -0.5     -7.0     -1.0  0.5  74.0  64.0 

025              -8.0     -1.0      3.0     -0.5      2.5  10.5  25.0  145.5  158.0 

027  -10.5       5.0       5.0       5.5     17.4     26.0  70.0  97.0  25.0 


Deflection  in  inches 
East  0,01     0.01     0.02     0.05    0.05     0.06      0.09      0.45  0.56 


#  This  value  may  be  688.0 


COLUM  8988.6 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  41  Ib./sq.in. 

Steel 


No . of         :  Appl ied  Load -lb. per  sg . in.  

Gage  Line;  1010  1510_    2010  2265  2520  "  2660  5050  ___3265 

201  36.6  55.4  82.0  92'.8  112.6  156.6  272.0  731.0 

221  35. C  51.6  83.6  95.0  123.5  266.8  480.0  1210.0 
.241  37.6  58.8  85.8  101 .4  124.2  284.0  512.0  1221.0 

Ave.         36.4  57.5  83.8  96.6  120.1  235.8  421.3  1054.0 

202  23.2  34.0  51.0  58.6      68.4  99.0  117.4  278.6 

222  23.4  37.4  57.4  64.8  76.2  120.6  183.0  41344 
242  23.6  37.4  57.0  64.0       76.0  123.6  150.0  460.0 

Ave.   23.4  56.5  55.1  62.5      75.5  "114.4  150.1  584.0 

205                11.6  17.2  28.2  55.4       51.0  19.4  4.4  -lOlTe 

223  11.4  19. a  29.4  34.2       33.0  8.2  621.0  -136.6 
Mil!  10.8  16.0  25.8  26.8       28.8  2.6  -25.2     -127.6  _ 

Ave.         11.2  17.5  27.8  52.5      50.9  10.1  -15.5  -121.9 

20S                10.6  14. S  25.0  2T78       2672  8.4  -18.2  -109.8 

224  9.0  15. C  25.0  24.2  27.6  -2.6  -54.6  -151.0 
244  8.0  16.0  24.0  28.0       27.0  -2.0  -28.0  -118.0 

Ave  9.2  15.5  24.7  26.7      26.9  1.5  -26.9  -119.6 

205  17.8  25.2  48.0  48.0       52.2  74.4  105.8  155.2 

225  17.4  27.2  43.2  51.2  61.0  90.2  119.2  224.2 
245                 15.6  26.6  42.6  49.6       58.0  89.4  124.6  286.6 

Ave.         16.9  26 . 3  44.6  49.6       57.1  84.7  116'.5  222.0 

206  28.8  25.2  67.2  78.2       91.6  143.2  265.2  811.0 

226  24.2  47.8  75.8  87.6  109.8  211.8  341.8  1054.0 
246  27.4  26.4  75.2  87. 2  109.6  208.8  560.4  1050.0 

Ave,         26.8  55.1  72.1  84.3  105.7  187 .9  522.5  ^9  6  5 . 0~^ 

207  40/2 62.8  94.8  111.8  159.0  250^2  415.0  12557o  ~ 

227  40.8  67.4  102.8  120.8  156.4  514.6  601.0  1715.0 
247  39.6  66.6  102.0  11 7  66  168.8  380.8  655.0  1714.0 

Ave.         40.2  65.6  99.9  116.7  148.1  508.6  550.5  1560.7 

208  45.0  66.8  97.4  114.4  159T2  268.0  496To  1299.0 

228  41.2  69.2  104.2  119.6  149.2  519.0  610.0  1740.0 
248  41.6  66.4  101.4  119  6  144.8  566.0  685.0  1771.0 

Ave.         41.9  67.5  101.0  117.9  144.4  517.7  596.5  1605.5 


Concrete 

101                55.4  54.2  82.0  95.0  114.8  205.2  540.0  990.0 

121                56.6  60.6  86.6  99.0  124.6  268.2  505.0  1548.0 

141                40.8  67.2  101.0  117.0  146.2  526.2  551.0  1466.0 

Ave.         56.9  60.7  89.9  105".7  126.5  266.5  458.7  1268.0 

105                12.2  17.6  28.2  51.0  52.8  2772  14^2  -70.8 

123                16.8  26.8  40.6  44.0  46.4  54.0  18.8  -151.2 

145  10.6  14.8  24.2  27.0  27.6  14.4  9.2  -147.6 

Ave.         15.2  19 .7  51.1  _  54.0  55.6  25.2  14.1  -116.5 

105                15.2  2i.O  30.0  54.0  56.0  42.0  50.0  56.0 

125                12.2  19.8  50.8  57.8  59.2  46.2  41.4  -20.2 

145  12.0  20.0  54.0  40.0  45.6  54.0  66.8  80.0 

Ave.         12.5  20.3  31.6  57.5  59.6  47.4  52.7  52.6 

107                54.4  55.0  80.0  91.0  109.4  202,0  577.0  1157.0 

127                58.0  64.2  95.4  108.0  129.0  286.0  524.0  1589.0 

147  56.2  60.2   92.0  107.8  155.0  504.2  542.0  1555.0 

Ave.         56.2  59.1  89.1  102.3  124.5  264.1  481 . 0  142  7 . 0 
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Unit  Deformation  on  Lateral  Gage  Lines 

Initial 

Load  41 

lb . /sq 

Steel 

No  .of 

• 

Applied  Load-lb. 

per  sq 

.  in. 

Gage  Line 

:1010 

POT  n 

fc^  w  X 

^  .c  Vj  O 

2520 

2860 

3050 

3265 

1 

5.5 

R 

O  .  w 

X      .  w 

X  U  .  w 

21.0 

63.0 

110.0. . 

223.5 

21 

2.5 

13  0 
X  o  .  w 

16.5 

75.0 

129  .5 

399.5 

41 

-4.0 

-4-  0 

1  ^ 

4-  0 

9.0 

54.5 

104.5 

271.0 

Ave . 

1.3 

11  ? 

X  X 

15.5 

64.2 

11447 

298.0 

3  . 

2  .0 

1  0 

5  5 

5  0 

3.0 

15.5 

31.5 

85.5 

23 

0.5 

1  5 

7,  5 

1.5 

5.0 

30.0 

82.5 

43 

-2  .0 

-3  5 

0  5 

0  5 

0.0 

5.5 

30.5 

96.5 

Ave . 

0.2 

-0  7 

2  5 

3  0 

1.5 

8.7 

30.7 

86.2 

.  5 

0.0 

1 .0 

5 . 0 

6  -0 

2.5 

21.5 

51.0 

106.5 

25 

2.0 

2.0 

1.5 

X  •  W 

10  -  5 

11.0 

39.0 

62.5 

133.0 

45 

2.5 

1.5 

7.0 

4.5 

5.0 

33.0 

66.0 

157.5 

Ave . 

1.5 

1.5 

4.5 

7.0 

6.2 

31.2 

59  .8 

130.3 

7 

5.5 

8.5 

14.5 

19.0 

26.0 

67.5 

124.5 

409.0 

27 

8.0 

14  .0 

20  . 5 

23.0 

lO  O  .  C> 

76.0 

127.0 

490.0 

^  0 

47 

1.0 

5  .5 

18  .0 

24.5 

34.5 

91.0 

145.5 

389  .5 

Ave  . 

4.8 

S  •  3 

17  .7 

22.2 

^  28  .'7 

76.2 

132  .3 

429  .5 

22 

3.0 

-2  .0 

4-0 

3.5 

7.5 

44.5 

96.5 

219  .5 

22a 

1.0 

2  .0 

6.5 

5.5 

3.0 

21.0 

53.5 

118.5 

24 

X  •  D 

1.0 

3.0 

4.5 

5.5 

in  ^ 

X\>  .  w 

82  .5 

26  . 

3.5 

8.0 

12  . 

5  11.5 

12,0 

49  .5 

97.0 

260.0 

26a 

5.0 

8.5 

11.5 

11.5 

18.0 

54.5 

101  .0 

362.0 

28 

•-0.5 

5.0 

13.0 

14.5 

19.5 

78.5 

124.5 

430.5 

Concrete 

021 

1  .  o 

1.5 

10.0 

11.5 

13.5 

o<?  .  o 

1  PI  n 

X  o  X  .  u 

330.0 

023 

-1.5 

-1.5 

-6.0 

-5.0 

-9.0 

7.5 

48.5 

134.0 

025 

-4.5 

-4.5 

3.0 

-2.0 

1.0 

27.0 

58.5 

142.5 

027 

6.0 

8.0 

11 .5 

16.5 

20.5 

 7g^o_ 

140.0 

544.0 

Deflection  in  inches 

East 

0.00 

0.00 

0.00 

0.00 

0.00 

0.06 

0.15 

0.49 

COLUMN  8989.4 
Unit  Deformation  on  Longitudinal  Gage  Lines 

Steel 


No. of       J   Applied  Load-lb. per  S'l^in.;;  

Gage  Line;  500          1000   "1400       1785  _2JJD0_  "240  5  ___27q0  2925 

201  9.4        26.2       41.8       59.2  72.0    "88.6  135. 0""  291.6 

221  14.8  35.4  52.4  70.0  63.2  lll.C  196.6  204.4 
241  16^.2  31.6       51.0     _68 .0  88.0  114.8  245.4  480.8 

Ave.     15.5  „__51.1__48^4___  65.7  74.4  1Q4-8  _.lglv7  525.6 

202  5.4  15. ~2       15.6      ~25.2  25."8     29.6  57.8  53.4 

222  8.2  16.0  23.0  30.4  35.4  34.2  30.0  64.4 
242  6_^         1Z!.8___22._8        54.0        57 44 ^^4  65^8^_75^6 

Ave.       6.6       "15.7      2''0.5  _J29_,_2  ~32_,&    '^6_ .  1  45 .91  64.5 

205              5.4           5.4         4.8"      5.8  ~4.,2       1.0  -28.8  -8'0.0 

225              1.2          5.6        7.2        6.6  6.8      0.6  -40.0  -105.2 

245  -1.6   OJl  -  0.4     -  0.2  -00.2  -  5._8  .-50.0  -  94.8 

Ave  ^  __Jl*_9   5  ^jO  5  .9         3.4  5.6'  -1.4  -39.6  -  Q's.S 

204  ~        4.4'          6.8       10.2       15. §  14.4     11.4  -6.4  -  51.4 

224  0.0  5.2  7.4  9.8  10.0  9.0  -  27.6  -  80.8 
244  -^LdL-^  -Q.'_4_      4.4         5.8  5.2       2.2  -  59.6  -  78.6 

Ave.  1.5"          3". 9    "~"7.a        9.0  9  .2       7.5  -  24.5  -  70.5 

205  8.2         15.6"    28.0       40. 0"  48.2     59.8  89.0  115.4' 

225  15.6  27.6  58.2  50.0  59.4  75.2  121.4  239.0 
245            12.6         2 1  JO^  35  ^6  49.0  62.4     78.2  128.8  225.4 

A  ye  .     1 1 .5  21.4    _55  ._.5   _  46.5  _  5  6 . 7  .  70  .4  _  ,113.1  192^6 

206  23.6         38.4       5S.4       82.0  96.8  122.2  186.4  "400.2 

226  22.2  43.6  67.2  91.2  109.6  141.0  239.4  535.2 
246  ^14^0  56.4  65. _4  8_7.4  111.0  148.2  514.8  ^674.0 

Ave.     19.9        59_.'5  65«_5_    86.9  105.8  157.1  246.9  "  55 6. "5 

207  21.4         52."0       77.2    "l{D2.8  130.4  160.0  ~252.4  535.0 

227  25.6         55.6       85.6     115.0  140.8  175.2  587.2 

247  ^  25.0         54.2  ^    84.8     119.4  149.6  184  ^  448.8  906.0 

Ave.     25.3         55.9       82.5  112^4  _140 -A  .IJ^  .362  . 8  719.._5 

208  14.2         59.0       69.4      95.2  "  115.0  141.6  248.4  472.0 

228  20.2        50.6      78.2     103.6  123.8  161.2  325.0  771.0 

248  19.4          48.2       76.2     105.0  128.2  162.6  222.0  82_1..0. 

Ave.     17.9        45.9       74.6  101.2  122.5  155.1  265.1  "688.0 


Concrete 

101              8.2  19.0  51.6       44.6  52.6     66.8  110.8  250.8 

121              7.8  22.0  54.8       45.8  56.6     73.2  128.0  256.2 

141  7.8  23_.0  35.4       49.2  58.0     77.2  145.8  274.2 

Ave.       7.9  21.5"    5"'5".9  46.5  55.7     72.4  "128.2  260. 4_ 

105              1.8^'  1.6  2.4        0.0  -0.4     -7.6  -55.8  -119.0 

123              1.2  1.8  1.2       -1.0  3.2     -9.4  -80.6  -228.2 

145  0.6  1.6  1.2     .    1.6  -1.0  -11.4  -96.4  -276.4 

Ave.       1.2  1.7  1.6        0.2  0.6     -9.5  -70.9  -207.9 

105            12.8  23.0  58.2"    51.4  62.0     75.8  125.8  215.6 

125            12.2  28.4  45.4       59.6  71.6     89.2  164.6  551.8 

145            15.0  27.2  42.6       59.2  70.6     94.0  171 .8_  557.0 

Ave.     12.7  26. _2  41.4       56.7  68.1     86.5  154.1  294>8 

107           "20.2  40.8  68.2      '94.0  115.0  157.6  235.8  519.0 

127            18.6  45.8  71.8     102.2  127.2  162.2  380.4   

147  20.8  52.2  84.2     115_.Q   141.2  188.2  456.0  942.0 

Ave.     19.9  46.3  74.7     103.7  127.8  162.7  557.4  730.5 


COLUMN  8989  .4 
Unit  Deformation  on  Lateral  Gage  Lines 

Steel 


56 


N o . o f        _|  Applied  Load-lb. per  sq.  in. 

Gage  Line;   500      .  1000       1400      1785      2100      2405      2700  2925 
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COLUMN  8989.5 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  55  Ib./yq.in. 

Steel 


No .  o  f         :   Applied  Load-lb  .per  sq.in.  

Gage  Line  ;  1000  ;  1740    r<i240    I2745    ,  2990    ,  3470    ^  3700  3910    .  158 

201  26.4  54.4     73.4     107.4  129.4  342.0  498^0  1035.0  875.0 

221  28.4  56.0  79.4  125.4  1S7.8  256.0  731.0  1386.01301.0 
241  25.0  51.6     76.0     112.4  142.0  595.0  564.0  760.0  927. 0 

Ave.     26.6  54.0     76.5     115.1  153.1  550.5  597.7  rQ6Q'."3l"Q'34  rg" 

202  15.0  34.0     46.6      62.4     72.0  113.0  169.0  269.0  191. O" 

222  17.0  34.2  48.8  66.6  88.4  182.8  266.8  ---  343.6 
242   A6«_2  ._52_.2  _  35.2       64.6     78.2  143.8  215.2  335.2  266.8 

Ave.     16.1     35.5    45.5  64  5^6  79j_5  146.5  _217.0       302.1  267.1 

203  8.4  18.6     24.6       26.6     13.6  -29.0  -63.8  -143.4^133  74" 

223  9.0  17.2  23.0  23.0  10.8  -42.0  -79.0  -179.0-159.6 
243  8.6..  17.2     20.6       29.3     18.6  -26.6  -59  .4  -145.4-129 .0 

Ave.       8.7     17.7     22.7      26  ;5  16.0  -52.5  -67.4  -155 .9-140T7~ 

204  6.4  17.4     24.4      26.2     15.6  -23.8  -60.8  -134.8-128.8 

224  9.2  21.0  24.2  24.2  9.2  -40.8  -79.4  -177.8-155.8 
244  11>8     17.6  23,^^8  29._4__19.8  -29.6  -64.2  -157.6-124.2 

Ave.       9.1     18.7     24.1  26_._6__  _14 .9  -31.5  -68.1  -150.1-136.3 

205  15.0  32.0     42.8       60.6     71.4  124.8  275.0  256.0  165.6 

225  16.6  34/6  46.0  64.6  77.6  121.0,  156.6  184.8  127.6 
245  13.6.  30.4     42.6       55.6     70.8  111.2  139.4  168.6  104.6 

Ave.     15.1  32.5     44.5      60.5     73.3  119.0  190.3  196.5  132^6_ 

206  25.4  55.0     75.6     109.0  157.0  385.0  590.0  1065.0  903.0 

226  26.0  56.0  79.8  122.0  162.0  408.0  611.0  1113.0  945.0 
246            27.4     54  ._0  73^  __LQi  •_i_l-28»8  282.0  465.0  880.0  720.0 

Ave.     26.2  55.0     76.3     113.5  142.6  558. 3__555  ^  ^019_.  3  856.0 

207  32.0  70.0     107.4  154.8  214.0  595.'0  903.0  1750 .~0 1525 .0 

227  40.0  77.0  109.2  159.4  241.0  655.0  982.0  1912.01660.0 
247  34  ^0  66.4       93.0  145.0  19  7.6  520.0  820.0  1599^::.015  70  . 0 

__Avg_f__.  55.3  71.1     105.2  155.1  217.5  590.0  901.7  1755.71518.5 

208  34.6  72.6     105.0  170.6  258.6  645.0  935.0  1787.01559.0 

228  34.8  74.8  103.0  169.0  273-8  730.0  1084.0  2064.01813.0 
248  52.0     66.8  96.0  156.0  191.6  493.0  808.0  1656.01598.0 

Ave.     55.8  71.4     101.3  158.5  241.3  6k^2.7  942.3  1829 .01590.0 


Concrete 

101             28.6  61.6  88.2  158.6  198.6  447.0  660.0  1320.01145.0 

121            27.0  57.0  79.0  126.0  197. @  521.0  798.0  1508.02510.0 

141  28.4  61.6  88.4  129.4  175.2  438.0  685.0  1322 . 01085.0 

Ave.     28.0  60.1  85.2  151.5  189.7  468.9  715.7  1383 . 51515.3 

103            10.4  23.4  28.4  34.4     25.4  -24.6  -67.6  -314  .'s'-o62 .0 

123            8.S  15.8  19.8  22.8     11.6  -45.2  -81.2  -51C. 0-510.0 

143            10.8  15.4  24.0  29.6     22.8  -14.0  -41.2  -221.6-224.6 

Ave.     10.0  13.2  24.1  28.9     19.9  -27.5  -65.5  -282 . 1  -  29.8_..9 

105            15.0  28.4  40.4  50.4     54.4       72.4  98.4  49  .~4  ^^^To 

125            14.2  25.8  53.0  44.6     4G.2       50.6  54.2  -29.8  -65.8 

145  9.4  20.2  29.4  57.4     40.4  45.4  55.4  0.4  -41.0 

_..    Ave.     12.9  24.1  54.5  44.1     47.0       5_6.1  68.7  6.7  -58.5 

107             54.0  72.0  104.6  147.0  ;d04.0  577.0  875.0  1677.01460.0 

127            34.0  71.2  100.0  150.0  228.0  652.0  967.0  1867.01614.0 

147  29.8  58.4  81.8  121.8  172.8  ft52.0  707.0  1547.01142.0 

flw     ~^2^  67. g  -  Qfi5  129,iS  POl  ,  6  560,3  84?  7  1 '^lAJl^f^ 


COLUM  8989.5 
Unit  Deformation  on  Lateral  Gage  Lines 
Initial  Load  55  lb./sq«in. 

Steel 


N o . o f         :  Applied  Load-lb  .per  sq«in.  

Gafie  Line; 1000       1740  2240  2745  2990  3470       5700  5910  158 

1                4.'5       6.5  15.5  19.0  28.5  95.5  150.5  250.5  181.5 

21  2.5  10.0  26.0  25.0  57.0  94.5  129.0  214.0  164.0 
41  2.5       5.0  10.5  17.0  26.0  81.5  154.6  284.0  251.5 

Ave.         5.2       7.2  16.7  20.5  50.5  89.8  151.5  242.8  192.5 

5                0.0      5.0  9.5  5.0  5.5  41.5      65.0  84.0  74.0 

25                3.5       7.5  11.5  8.5  16.0  59.5       49.5  69.0  59.5 

45  -2.0  -5.0  1.5  2.5  6.5  52.5       54.0  90.5  69.5 

Ave.   0^5  2^5_    7.5  5.5  10.0  57.8      55.5  81^2  67.7 

5                2.5      0.5  '  8.5  6.5  14.5  51.5      84.5  98.0  82.5 

25  -4.0  -5.5  1.0  2.5  10.5  44.5  69.5  90.5  71.0 
45  5.5       8.5  12.0  18.0  26.5  53.0       81.5  9S.5  75.5 

Ave.     "    0.7      1.2  7.2'  9.0  17.2  49.7      78.5  96.0  76.5  

7              10.5      9.0  22.0  24.0  42.0  105.0  148.5  351.0  295.5 

27  6.5  6.5  15.5  28.5  49.0  107.0  157.5  565.5  452.0  t> 
47  -  0.5       1.5  5.0  12.5  26.0  87.0  146.5  582,0  525.5 

Ave.         5.5       5.7  15.5  21.7  59.0  99.7  150.8  452.8  556.5 

22  5.0  5.0  6'.0  12.5  28.5  75.0  119.5  191.5  571.0 
22a  2.5  4.5  12.5  11.0  18.0  50.0  52.5  99.0  80.0 
24                5.5  -0.5  4.0  7.0  10.5  40.0       56.5  66.0  58.0 

26  4.5  7.0  11.0  18.5  50.5  73.0  97.5  151.0  100.0 
26a              5.0      6.0  15.0  20.5  40.0  95.5  157.5  524.5  261.0 

28  4.0  10.0  16.5  29.5  47.0  99.5  156.0  458.5  575.0 


Concrete 

021                5.0       5.0     15.5    21.0     28.5    86.5  154.5  255.0  209.0 

025              -6.0     -5.5     -0.4     -5.5     -2.0     50.0  87.5  156.0  154.5 

025                2.5       1.5       7.5       5.5     12.5     44.0  74.0  120.0  105.0 

027  0.0       1.0       7.0     15.5     54.5    92.5  160.0  455.0  458.0 


East 


Deflection  in  inches 
0.01     0.05     0.05    0.06     0.08     0.18      0.26     0.55  0.49 


COLUMN  8989.6  59 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  57  Ib./eq.in. 
Steel 


No.  of 

Applied 

Load-lb 

.per  sq. 

in. 

Gage  Line : 

1000 

1995 

2245 

2500 

2965 

3250 

3475 

,?01 

33  .0 

77.4 

85.6 

105.0 

194.2 

514.0 

1254.0 

221 

33  .2 

79.4 

94.0 

113.6 

224.6 

559  .0 

1363.0 

241 

34  .0 

80.2 

96.2 

116.4 

218.0 

482.0 

1238.0 

Ave  . 

33  .4 

78  .0 

91.9 

111.7 

212.3 

518.3 

1285.0 

202 

21 .8 

52 

60.4 

73.4 

94.4 

154.6 

317.8 

222 

21 .2 

52  .4 

58.6 

74.2 

114.6 

192.0 

339  .6 

242 

20  .2 

53.2 

76.2 

75.2 

119.2 

230.0 

380.2 

Ave . 

c;l  .1 

52 . 7 

62,1 

74.3 

109.4 

192.2 

345.9 

203 

12.0 

31 .6 

36.0 

42.6 

24.2 

-42.8 

-157.0 

0  0 

223 

12  .0 

29  .0 

34.0 

37,8 

17.8 

-52.2 

-189 .0 

243 

12  .6 

34.6 

39  .4 

42.0 

15.6 

-45.2 

-152.4 

Ave  . 

12  . 2 

31 . 7 

36.5 

40.8 

19.2 

-46.7 

-166.3 

204 

12  .6 

29  .2 

35.2 

38.0 

16.8 

-43.4 

-146. S 

224 

10  .0 

26.4 

30.4 

31^.4 

10.4 

-60.0 

-183. S 

244 

7.2 

23.2 

28.2 

29  .2 

1.2 

-63.8 

-153.6 

Ave . 

9  .9 

26.3 

31.3 

33.2 

9.5 

-55.7 

-161.4 

205 

16.6 

40.4 

47.4 

56.6 

68.2 

130.8 

295.6 

225 

16.8 

39  .8 

47.4 

57.0 

78.0 

138.0 

193.4 

245 

13  .2 

34.2 

40.8 

51.4 

80.6 

146.0 

212  .2 

Ave . 

15.5 

38.1 

45.2 

53.0 

75.6 

138.3 

233.7 

206 

28.0 

70.2 

81.2 

98.0 

187.4 

508.6 

1325.0 

226 

26.2 

71 .2 

85.2 

103.2 

231.6 

589.0 

1379.0 

246 

26  .0 

72.6 

90.2 

111  .6 

247.4 

559  .0 

1194.0 

Ave . 

26.7 

71.3 

85.5 

104.3 

222.1 

552.2 

1299  .3 

oy .  D 

on  r\ 

115.6 

143 . 8 

292 . 6 

801 .0 

1985.0 

227 

38.6 

96.8 

114.8 

141.6 

301.2 

782.0 

2074.0 

247 

28.0 

103.2 

125.0 

163.6 

369.4 

844.0 

1961.0 

Ave . 

38.7 

99.7 

118.8 

149.7 

321.1 

809.0 

2007.0 

208 

37.6 

103.4 

124.4 

146.0 

315.6 

846.0 

1955.0 

228 

38.0 

99.0 

118. C 

138.6 

311.8 

824.0 

2034.0 

248 

40.4 

101.0 

119.0 

150.8 

396.6 

946.0 

2078.0 

Ave . 

38.7 

101.1 

120.5 

1§5.1 

341.3 

872.0 

2019 .0 

Concrete 


101 

35 

.8 

88 

.2 

107 

.6 

137 

.6 

262 

.4 

605 

.0 

2445 

.0 

121 

32 

.2 

82 

.2 

96 

.2 

116 

.6 

227 

.0 

540 

.0 

1371 

.0 

141 

33 

.6 

84 

.2 

99 

.6 

124 

.0 

318 

.2 

754 

.0 

1614 

.0 

Ave . 

33 

.9 

84 

.9 

101 

.1 

126 

.1 

269 

.2 

633 

.0 

1813 

.3 

103 

9 

.0 

25 

.2 

31 

.6 

29 

.0 

1 

.6 

-124 

.0 

-563 

.4 

123 

11 

.4 

24 

.4 

30 

.4 

30 

.6 

-8 

.0 

-136 

.0 

-544 

.0 

143 

11 

.0 

28 

.0 

33 

.8 

33 

.8 

-14 

.0 

-122 

.0 

-539 

.0 

Ave . 

10 

.5 

25 

.9 

31 

.9 

31 

.1 

-6 

.8 

-127 

.3 

-545 

.5 

105 

14 

.4 

36 

.0 

41 

.0 

47 

.4 

55 

.8 

80 

.0 

70 

.2 

125 

12 

.6 

30 

.8 

37 

.4 

42 

.6 

41 

.8 

46 

.4 

-62 

.2 

145 

10 

.0 

28 

.0 

35 

.0 

41 

.4 

46 

.2 

46 

.4 

-62 

.2 

Ave , 

12 

.3 

31 

.6 

37 

.8 

43 

.8 

47 

.9 

57 

.6 

-11 

.7 

lOS 

38 

.0 

89 

.8 

107 

.4 

138 

.8 

289 

.2 

1918 

r\ 
•  \J 

127 

32 

.8 

86 

.2 

103 

.2 

126 

.6 

282 

.4 

727 

.0 

1901 

.0 

147 

33 

.2 

87 

.4 

108 

.6 

138 

.4 

356 

.8 

833 

.0 

1838 

.0 

. ,  ,.  Ayr  . 

..-54. 

.^2, 

.8 

1  nfi 

.4 

134 

780 

.,0  , ,. 



COLUMN  8989.6 


60 


Unit  Deformation  on  Lateral  Gage  Lines 
Initial  Load  57  Ib./sq.in. 
Steel 


No.  of 

Gage  Line 
1 
21 
41 


1000 


Ave . 


3 
23 
43 


Ave . 


5 
25 
45 


Ave 


7 
27 
47 


Ave . 


22 

24 

26 

26a 

28 


021 
023 
025 
027 


East 


1.0 
0.5 
1.0 


0.8 


-1.5 
0.0 
-3.0 


-1.5 


0.5 
-1.5 
0.5 


-0.2 


1.5 
0.0 
4.0 
1.8 


0.5 
-0.5 
-1.5 
2.5 
0.0 


2,0 
■1.5 
1.5 
2.5 


0).Ol 


 Applied  Load-lb. per  sg.in. 

1995        2245        2500  2965_ 


10.0 
9.0 
7.0 


16.0 
11.5 
13.5 


8.7 


13.7 


5.5 
2.0 
-1.5 


10.0 
7.0 
3.0 


1 .7 


6.7 


7.0 
2.0 
2.5 


10.0 
5.5 
4.0 


3.8 


6.5 


8.0 
6.5 
11.5 


15.5 
12  .0 
18.5 


8.7 


15.3 


5.0 
1.5 

6.0 
8.5 
8.5 


6.5 
2  .0 
9.0 
12.0 
10.0 


18.0 

10.0 
16.0 


52.5 
42.0 
48.0 


14.7 


47.5 


8.0 
4.0 

6.0 


22.5 
16.5 
14.0 


6.0 


17.7 


11.5 
7.0 
7.5 


30.5 
21 .0 
27.0 


8.7  26.2 

14.0  "  51 .0 

12.5  45.5 

23.0  64.5 


16.5  53.7 


4.5 
2.0 
9.0 
13.5 
13.5 


23.5 
10.5 
29.5 
4K).0 
53.5 


16.0 
4.0 
3.0 

12.0 


21.5 
8.0 
7.5 

17.5 


Concrete 

21.5 
8.0 

7.0 
22.5 


61.0 
21 .5 
26.5 
64.0 


Deflection  in  inches 
0.02       0.02  0.02  0.10 


3250 


98.5 
89  .5 
93.5 


93^ 
50.1 
39  .5 
44.5 


44.7 


67.0 
55.0 
69  .0 


63.7 


107.0 
106.0 
118.5 


110.5 


58.5 
36.0 
68.0 
95.5 
102.0 


120.5 
63.5 
71.5 

183.0 


0.25 


3475 


209  .0 
164.5 
185.5 


186.3 


78.5 
61.0 
82  .0 


73  .5 


103  .0 
92  .5 
101.5 


99  .0 


297.0 
269  .5 
371 .0 


312.5 


94.0 
63.5 
157.5 
245.5 
373.0 


292.5 
101.0 
92  .0 
495.5 


0.66 


COLUMN  8990.4 
Unit  Deformation  on  Longitudinal  Gage  Lines 

Steel 


No.  of       :  Applied  Load-lb. per  sq.in.  

Gage  Line;  500  7^0  995  1245  149  5  1745  1980   

201  28.6  41.4         56.5  71.6          92.6  116.4  210.0 

221  27.2  38.6         53.2  70.4          85.2  110.2  271.4 

241  27.8  42.0        59.2  78.4          98.8  153.0  26Q.8 

 Ave.       27.9  40.7        56.5        73.5  92.2  119.2  247.4 

202  16.0  21.2        29.4  51.6          39.6          47.0  67.6 

222  17.4  21.0        28.4  37.2          38.5          47.0  64.6 
242  17.0        23.2   31.2         40.0   48.4          63.6  95.8  

Ave.       16.8  21.8        29.7  56.3          42 .2  52.5  ^75_^3  

203  4.4  7.2          8.4  5.2            1.4  -5.4^  -71.0 

223  5.8  5.2  5.4  6.2  3.6  -8.2  -91.6 
243  4.0  2.6          8.2          7.0  8  ^2__        -6.2  -62.8 

Ave.         4.7  5.0  7.3  6.1  4.4  -6.6   -75.1 

204  22.6  4.0          2.8  2.4          -6.4  -17.6 ~  -89.8 

224  3.0  3.2          2.0  0.4          -5.0  -19.0  -121.8 
844  3 ^  4;8  4.4  0.8          -4.6  -  6.6  -74.4  

Ave.       9.5          3.8  5.1          1.2  -5.5  -14.4  -  95.3 

205  8.0  14.0        18.2  18.0          25.8          26.4  17.6 

225  9.0  12.4  15.4  19.0  19.0  17.6  13.6 
245  _3 .4  7.0        11.8  16.4          22.0          2i.2  22.2 

Ave.         6.8  11.1        15.1  17.8          22.3  21.7   17  ^^8  

206  5.6  16.6        32.0  40.2    ~      59.4          86.0  164.6 

226  15.0  28.8        39.6  51.0           64.8          91.8  181.2 
286              15.2  22.8        38.2  56.0          70.4  108 .8  204.6  

Ave.       11.9        22.7   36 . 6  49.1          64.9          95'. 5  165.5 

207  32.0  52.8        70.8  90.8        11872  159.4  34578 

227  31.6  47.4  65.4  86^2  111.2  164.0  428.4 
247  26.2         41.4  60.8        85.4         115.6  167  ^_2  55545 

Ave.       29.9  47.2        65.7  86.8        115.0  165.5  442.5 

208  55.2  51.8        74.2  94.2        119.0  154.2  54274 

228  50.6  48.4  68.0  92.8  116.2  149.2  595.4 
248  50.8  44.4        67.4  91.4        118.8  162.0  541.2 

Ave.       32.2  48.2        69.9  92.8        118.6  155.1  359.7 


Concrete 


101 

23 

.6 

41 

.8 

56 

.8 

78 

.0 

97 

.8 

133 

.2 

266 

.2 

121 

28 

.0 

41 

.6 

55 

.2 

77 

.8 

96 

.4 

133 

.4 

529 

.6 

141 

24 

.4 

38 

.0 

76 

.4 

76 

.2 

101 

.8 

125 

.0 

295 

.4 

Ave . 

25 

.3 

40 

.5 

63 

.5 

77 

.5 

98 

.7 

130 

.5 

297 

,1 

103 

4 

.6 

7 

.6 

10 

.8 

7 

.8 

5 

.8 

0 

.4 

-25 

.2 

123 

13 

.4 

13 

.4 

14 

.2 

14 

.8 

8 

.4 

6 

.8 

-71 

.4 

143 

6 

.6 

6 

.0 

9 

.8 

9 

.6 

10 

.0 

2 

.8 

-54 

.2 

Ave . 

8 

.3 

9 

.0 

11 

.6 

10 

.7 

8 

.1 

3 

.3 

-43 

6 

105 

9 

.4 

5 

.8 

10 

.0 

4. 

,4 

5 

.8 

t 

«_.' 

4 

-35. 

,  2 

12  5 

6 

.4 

8 

.0 

8 

.0 

10 

.6 

6 

.2 

-1 

,  2 

-78 

.6 

145  

1 

.8 

0 

.6 

2 

.4 

2 

.4 

4 

.8 

-0 

.8 

-54. 

.2 

Ave . 

5 

.9 

4 

.9 

6 

.8 

6. 

,6 

4 

.9 

0 

.5 

-49. 

3 

107 

51 

.4 

46 

.6 

65 

.6 

82. 

4 

110 

.0 

14S 

.6 

285. 

0 

127 

28 

.2 

43 

.8 

59 

.0 

78, 

.8 

103 

.6 

129 

.2 

59  5. 

8 

147 

26 

.2 

43 

.6 

61 

.0 

86. 

2 

118 

.0 

166 

.4 

560. 

8 

Ave . 

28 

.6 

45 

.3 

61 

.9 

82. 

.5 

110 

,5 

147 

.7 

546. 

,5 

— 

COLUMN  8990.4 
Unit  Deformation  on  Lateral  G-age  Lines 

Steel 


62 


N o  .  of         :  Applied    oa_d - 1  b_ .^er_  s_c[ .  in. 


Gage  Line 

:  500 

750 

9' 

95 

1245 

■  r49"5' 

1745 

1980  1990 

1 

-7.0 

-7 

.5 

0 

.5 

-1. 

0 

•0 

.0 

9.5 

48 

.0 

21 

4.0 

-5 

.0 

5 

.0 

3. 

5 

2 

.5 

9  .0 

94 

.0 

41 

3.5 

3 

.0 

8 

.0 

6. 

0 

9 

.5 

20.5 

61 

.5 

Ave . 

0.2 

-3 

.2 

4 

.5 

Q 

a 

8 

4 

.0 

13.0 

67 

.8 

3 

0.5 

1 

.0 

5 

.5 

"  15. 

5 

11 

.0 

"7.0 

13 

.0 

23 

-2.0 

-3 

.5 

0 

.0 

-2. 

0 

-4 

.5 

-6.0 

4 

.5 

43 

-2  .0 

-3 

.0 

 ^1_ 

.5 

-5. 

5 

-2 

.0 

1.0 

7 

.5 

Ave . 

-1.2 

-1 

.8 

r 

^3  _ 

-0- 

7 

1 

.  5 

0.7 

8 

.3 

5 

0 .  5 

2 

.5 

5 

.5 

6. 

d 

'd 

.5 

1 .0 

14 

.5 

25 

4.0 

1 

.0 

5 

.  5 

4. 

5 

4 

.5 

3.5 

29 

.5 

45 

3  .0 

-2 

.0 

1 

.  5 

-3. 

5 

-2 

.0 

1 . 5 

5 

.0 

Ave . 

2 . 5 

0 

.5 

4 

.2 

2. 

3 

1 

.0 

2  .0 

16 

.3 

7 

-7.5 

-12 

.  5 

-10 

.5 

67. 

5 

-3 

.5 

-1.5 

32 

.5 

27 

8.5 

12 

.5 

17 

.0 

19  . 

0 

25 

.5 

28.5 

106 

.0 

47 

-12.0 

-12 

.0 

-9 

v5  _ 

-13. 

0 

-6 

.0 

12.5 

60 

.5 

Ave  . 

-3.7 

-  4 

.0 

-  1 

.0 

c". 

5 

5 

.3 

13  .2 

66 

.3 

22 

4.0 

4 

.6 

3 

.0 

3. 

0 

3 

.0 

3.0 

67 

.5 

22a 

2.5 

.0 

6 

.0 

5. 

0 

4 

.5 

3  .0 

18 

.0 

/d4 

<d  .0 

-1 

.0 

0 

.  o 

4. 

5 

-3 

.5 

-8  .0 

6 

.0 

26 

3.0 

-1 

.5 

-0 

.5 

2. 

0 

-0 

.5 

-0.5 

30 

.5 

26a 

14.0 

12 

.0 

14 

.0 

14. 

5 

14 

.0 

16.5 

75 

.0 

28 

6.5 

5 

.5 

11 

.5 

2. 

0 

15.0 

26.5 

107 

.0 

Cone re 

te 

021 

3.5 

-1 

.0 

6 

.5 

1. 

5 

17 

.0 

21.0 

119 

.5 

023 

-1.0 

-3 

.0 

-1 

.0 

-3. 

5 

0 

.0 

-20 . 5 

4 

.0 

025 

2.0 

-0 

.5 

1 

.0 

3. 

5 

X 

.5 

-  0.5 

10 

.5 

027 

-6.0 

-5 

.5 

-3 

.5 

0. 

5 

4 

.0 

12.5 

71 

.0 

Deflection  in  inches 


East  0.03     0.03      0.07      0.09      0.13      0.22        0.74  1.01 


COLUM  8990.5 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  52  Ib./sq.in. 

Steel 


No .  of 

• 
• 

Appl 

led 

Load-lb 

.per 

sq . in. 

:  /50 

1250 

1500 

1745 

2000 

2270 

201 

fc/  V/  -L. 

24 

.6 

52 

.2 

65 

.8 

81 

.4 

104 

.8 

13<s  .4 

170 

.6 

221 

f-/  i 

26 

.4 

50 

.4 

66 

.0 

84 

.2 

108 

.2 

18«  *  2 

378 

.0 

241 

24 

.8 

51 

.6 

68 

.4 

106 

.2 

171 

.2 

o  r\  a  r* 

336 

.0 

Avp  - 

25 

.3 

51 

.4 

66 

.7 

90 

.6 

128 

.1 

<502  ,4 

294 

.5 

202 

t-^  \J  O 

15 

.0 

34 

.4 

44 

.0 

54 

.2 

62 

.0 

93 . 6 

113 

.2 

22a 

Ay  <o  ^ 

18 

.6 

36 

.4 

46 

.2 

52 

.6 

56 

.8 

92  .8 

149 

.6 

242 

15 

.0 

28 

.6 

41 

.4 

55 

.8 

72 

.0 

116.6 

172 

.6 

Ave . 

16 

.2 

33 

.1 

43 

.9 

54 

.2 

63 

.6 

101 .0 

145 

.1 

203 

fc-'  v  W 

7 

8 

23 

.4 

26 

.0 

32 

.6 

31 

.0 

22 . 0 

-6 

.8 

223 

lO  O 

c 

0 

19 

.4 

19 

.2 

23 

.2 

16 

.2 

-6.0 

-92 

.2 

243 

t:  c/ 

t 

,4 

16 

.2 

16 

.0 

22 

.0 

8 

.6 

-22 . 8 

-69 

.4 

£\  V  ~  # 

7 

.7 

19 

.7 

20 

.4 

25 

.9 

18 

.6 

-  2,3 

-56 

.1 

204- 

tw»  W  *X 

12 

.0 

21 

.0 

24 

.0 

26 

.0 

26 

.6 

9  .8 

-33 

9 

• 

<o  *l 

8 

.2 

15 

.0 

17 

.4 

2022 

12 

.2 

-8.8 

-116 

.0 

244 

7 

.2 

15 

.8 

18 

.0 

20 

.2 

0 

.4 

-29  .0 

-  73 

.6 

9 

.  1 

17 

.  3 

19 

.8 

22 

.1 

13 

.1 

-  9.3 

-74. 

3 

205 

fcaf  W  W 

20 

.0 

37 

.8 

43 

.6 

51 

.4 

59 

.4 

84.8 

109 

.2 

225 

M  iwf 

16 

.8 

31 

.6 

37 

.6 

48 

.2 

57 

.0 

73  .0 

93 

.2 

245 

19 

.6 

32 

.6 

44 

.0 

57 

.0 

72 

.6 

103 . 2 

136 

.0 

Avp 

V  w  • 

18 

.8 

34 

.0 

41 

.7 

52 

.2 

63 

.0 

87  .0 

112 

.8 

20fi 

27 

.6 

48 

.8 

56 

.2 

72 

.2 

97 

.4 

131 .0 

169 

.2 

226 

33 

.8 

51 

.8 

64 

.6 

SO 

.8 

104 

.6 

lol  .0 

210 

.2 

246 

24 

.0 

57 

.6 

75 

.2 

105 

.6 

168 

.2 

<iy  4  .o 

1440 

.0 

Avp  . 

V  ^  • 

28 

.5 

52 

.7 

65 

.3 

86 

.2 

123 

.4 

19  <2  . 3 

606 

.5 

207 

29 

.6 

63 

.8 

80 

.0 

100 

.6 

142 

.8 

243  .4 

385 

.0 

227 

29 

.6 

61 

.0 

78 

.6 

97 

.2 

128 

.  6 

<s37  . 4 

247 

35 

.0 

75 

.0 

99 

.6 

119 

.2 

204 

.6 

625 

.0 

Ave . 

31 

.4 

66 

.  6 

86 

.1 

105 

.7 

158 

.7 

240.4 

505 

.0 

208 

33 

.8 

63 

.4 

81 

.0 

104 

.0 

136 

.4 

239  .8 

307 

.6 

228 

w  ^  ^ 

30 

.0 

66 

.0 

82 

.4 

101 

.8 

122 

.6 

192  . 6 

1488 

.0 

248 

fc-f  ^ 

32 

.6 

72 

.6 

95 

.6 

137 

.2 

240 

.4 

^40 

.0 

32 

.1 

67 

.3 

86 

.3 

114 

.3 

166 

.5 

216 .2 

811. 

.9"" 

eoncrete 

1  m 

20. 

.8 

42. 

0 

52, 

.6 

64. 

0 

82. 

2 

129 .0 

187. 

4 

XC«  JL 

25. 

,2 

51 . 

.8 

66. 

2 

81. 

8 

106. 

4 

180 . 2 

360. 

4 

141 

23. 

,6 

48. 

2 

62. 

6 

88. 

2 

131, 

4 

222 , 6 

341, 

0 

ri  V  c?  . 

23. 

o 
>  i~i 

47. 

7 

60. 

5 

78. 

0 

106. 

7 

187.3 

296, 

3 

8 

0 

19  . 

4 

21. 

8 

27. 

0 

24. 

6 

1 . 6 

-40. 

2 

X  o  o 

6. 

8 

16, 

8 

16. 

6 

17. 

4 

8. 

6 

-24 .0 

-163. 

2 

6. 

8 

12. 

4 

10, 

8 

13. 

8 

-2. 

2 

-47.6 

-97.2 

iiVe  . 

7. 

2 

16. 

2 

16. 

4 

19. 

4 

10. 

3 

-23.3 

-100. 

2 

20. 

6 

41. 

8 

54. 

2 

63. 

2 

76. 

8 

106.0 

145. 

6 

JL  O 

19. 

8 

35. 

6 

44, 

6 

54. 

2 

67. 

2 

94.0 

140. 

4 

145 

20. 

0 

41. 

0 

53. 

8 

73. 

6 

107. 

4 

171.6 

234. 

4 

Ave. 

20. 

1 

39  . 

5 

50. 

9 

63. 

7 

83. 

8 

123.9 

173. 

.5  " 

107 

34. 

2 

64. 

2 

80. 

6 

99. 

6 

130. 

4 

224.0 

329  . 

4 

127 

27. 

2 

53. 

4 

68. 

8 

84. 

8 

113. 

0 

177.4 

147 

32  . 

0 

71 . 

0 

92. 

0 

129. 

0 

214. 

4 

639  . 

0 

Ave . 

31. 

1 

62. 

9 

80. 

5 

104. 

"5 

15S. 

6 

2"00.7 

T8-?. 

2 

64 

HOT  TTWn^I 

QQQn  R 

Deformation  on 

T  Q  +  £a  y>  T 

Initial  Load 

t^O     TV.  / 

steel 

No. of 

• 
« 

Applied  Load 

-lb .per 

sq . in . 

Gage  Line 

:  750 

1250 

1500 

1745 

2000 

2195 

2270 

1 

4.0 

10.5 

13.0 

14.5 

24.5 

43.0 

74.5 

21 

1.0 

6.5 

5.5 

19.5 

31.5 

57.0 

127.0 

41 

7.5 

16.0 

18.0 

28.0 

42.5 

81.0 

119.0 

Ave  . 

3.2 

11.0 

12  .2 

20.7 

32.8 

60.3 

106.8 

3 

-1.5 

-4.5 

-2.5 

-8.5 

-4.0 

-7.5 

2.0 

23 

4.0 

7.5 

9  .0 

7.5 

9.0 

8.0 

17.0 

43 

5.0 

6.5 

7.5 

8.0 

10.5 

16.5 

47.0 

Ave  . 

2.5 

3.2 

4.7 

2.3 

5.2 

5.7 

22.0 

5 

-7.5 

-4.5 

-0.5 

-0.5 

6.5 

16.0 

50.0 

25 

8.0 

16.5 

18.5 

16.0 

19.5 

33.5 

64.0 

45 

33.0 

36.5 

34.5 

38.0 

46.5 

62.5 

81.5 

Ave  . 

11.3 

16.7 

17.5 

17.8 

24.2 

37.3 

65.2 

7 

5.5 

8.5 

14.0 

15.5 

30.0 

61.0 

99.5 

27 

16.0 

24.0 

27.0 

31.5 

37.5 

67.0 

146.5 

47 

-3.5 

6.5 

13.5 

23.5 

49.5 

99.5 

162.5 

Ave  . 

6.0 

13.0 

18.2 

23.5 

39.0 

75.8 

136.2 

22 

0.5 

5.0 

10.0 

7.5 

.6.0 

18.5 

45.0 

24 

1.0 

8.5 

10.0 

11 .  5 

13.5 

12.5 

19.0 

24a 

2.5 

15.0 

7.5 

5.0 

12.5 

11.0 

36.0 

24b 

-3.5 

9.0 

5.5 

9.5 

1.0 

2.5 

15.5 

26 

17.0 

22.0 

26.5 

27.5 

34.0 

58.5 

126.0 

28 

8.0 

20.5 

21.0 

26.5 

33.0 

66.5 

147.0 

Concrete 

021 

-2.0 

4.5 

18.5 

23.0 

25.0 

44.0 

117.0 

023 

7.5 

17.5 

23.5 

14.0 

13  .5 

17.5 

43.5 

025 

-5.0 

3  .0 

8.0 

8.5 

8.0 

18.0 

.  56.5 

027 

6.5 

12.5 

13  .0 

18.0 

14.0 

43.0 

117.5 

Deflection  in  inches 

East 

0.04 

0.06 

0.10 

0.13 

0.15 

0.31 

ID. 04 

COLUMN  8990.6 
Unit  Deformation  on  Longitudinal  Gage  Lines 
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Steel 


No.  of 

Applied  Load-lb. per 

sq . in. 

Gage  Line 

:750 

1250 

1500 

1750 

2000 

2180 

2245 

2011 

29.4 

57.8 

73.4 

92.6 

120.2 

176.6 

253.4 

221 

29.0 

52.0 

67.6 

86.6 

138.4 

152.0 

224.2 

241 

26.4 

53.0 

71.0 

93.0 

129.2 

193.0 

256.4 

Ave . 

28.3 

54.3 

70.7 

90.7 

129.3 

173.9 

244.7 

202 

17.0 

34.8 

42.2 

54.2 

73.6 

99.0 

120.0 

222 

13.6 

27.0 

36.2 

42.8 

55.2 

73.6 

92.8 

242 

20. 8 

32.2 

44.4 

56.0 

73.8 

96.2 

113.2 

Ave  . 

17.1 

31.3 

40.9 

51.0 

67.5 

89  .6 

108.7 

203 

10.2 

17.8 

21.4 

23  .2 

12.0 

-16.0 

-40.6 

223 

5.8 

11.4 

14.2 

16.4 

7.4 

-13.6 

-64.0 

243 

7.6 

14.6 

19.2 

23.2 

21.6 

8.6 

-13.0 

Ave  . 

7.9 

14.6 

18.3 

20.9 

13.6 

-  7.0 

-59.2 

204 

7.0 

13.2 

16.2 

17.2 

4.6 

-22.8 

-53.6 

224 

10.6 

17.0 

18  .4 

21.2 

11.4 

-10  .6 

-62.2 

244 

10.8 

15.4 

19.2 

22.2 

19.8 

2.8 

-11.8 

Ave . 

9.5 

15.2 

17.9 

20.2 

11.9 

-10.2 

-42.5 

205 

15.2 

32.2 

37.6 

46.6 

58.4 

72  .2 

77.0 

225 

16.6 

27.0 

35.4 

44.2 

50.2 

59.2 

61.4 

245 

17.2 

26.2 

33.0 

43*0 

51.2 

56.8 

62.8 

Ave . 

16.3 

28.5 

35.3 

44.6 

53.3 

62.7 

67.1 

206 

28.2 

55.2 

71.6 

96.2 

141.6 

222.2 

293.6 

226 

31  ;2 

55.4 

69.2 

88.0 

126.8 

191.2 

256.4 

246 

27.2 

48.4 

64.0 

81.8 

110..4 

135.6 

182.0 

Ave . 

28.9 

53.0 

68.3 

88.7 

126.3 

183.0 

244.0 

207 

35.4 

71  .8 

90  2 

139.6 

197.0 

327.0 

460.0 

227 

33.0 

70.6 

90.  6 

117.6 

186.8 

283.0 

457.2 

247 

32.4 

bi  .  8 

o2  . 4 

109 . 2 

151.2 

233.6 

310.2 

A  V  P 

£X  V  ^  • 

68.1 

87.3 

122.1 

1  f  o  .  o 

409 . 1 

208 

31.2 

66.6 

85.2 

122;4 

186.6 

293.2 

403.6 

228 

32.2 

66.8 

85.8 

109.8 

145.2 

222.2 

354.4 

248 

35.0 

66.2 

88.6 

113.2 

168.0 

262. C 

353.6 

Ave . 

32.8 

66.5 

86.  5 

115.1 

166.6 

259.1 

370.5 

Conisrete 

101 

35.0 

67.0 

82.8 

114.4 

175.2 

269.8 

360.4 

121 

32.2 

57.8 

75.4 

95.4 

131.6 

201.8 

295.4 

141 

27.2 

53.6 

71.6 

93.2 

134.6 

208.4 

287.0 

Ave . 

31.7 

59  .5 

S6.6 

101.0 

147.1 

226.7 

314.3 

103 

10.6 

19.2 

20.6 

23.6 

17.8 

2.0 

-18.6 

123 

9.2 

14.4 

16.2 

17.8 

11 .2 

-3.4 

-47.6 

143 

9  .8 

15.8 

21 .6 

25.6 

27.8 

19  .2 

2  .0 

Ave . 

9  .9 

16.5 

19.5 

22.3 

18.9 

6.6 

-21.4 

105 

16.0 

32.6 

38.2 

28.8 

61.4 

86.8 

102.2 

125 

19  .8 

34.0 

42  .8 

51  .6 

64.6 

79  .0 

99.6 

145 

15.2 

28.2 

3  3  •  2 

43.2 

53.0 

67.2 

80.6 

Ave . 

17.0 

31.6 

38.1 

47.9 

59  .3 

77.7 

94.1 

33  .4 

67.2 

85.0 

118.0 

182.6 

292  .8 

429.0 

127 


32.8 


108.0 
105.6 


148.0 
147.4 


239  .4 
230.6 


370.0 
310.4 


X 
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COLUMN  8990.6 
Unit  Deformation  on  Lateral  Gage  Lines 

Steel 


No  .of 

• 

Applied  Load-lb. per 

SQ . in . 

Gage  Line 

:  750 

1250 

1500 

1750 

2000 

2180 

2245 

1 

1 .0 

6 . 5 

7 . 5 

11 .0 

26.0 

57.0 

79  .5 

21 

0.5 

8  . 5 

13  .0 

11 .5 

20.0 

47.0 

68.5 

41 

3.5 

8.0 

7.5 

10  .0 

27.0 

55.5 

77.0 

Ave  . 

1.7 

7.7 

9  . 3 

10  .8 

24.3 

53.2 

75.0 

3 

-3.0 

0  .0 

-1 .0 

-1 . 5 

0.5 

0.0 

2.5 

23 

-7.0 

-4.5 

-2.0 

-6.5 

-2.5 

4.5 

17.5 

43 

-3.0 

0.0 

-2  . 5 

-3  .0 

0.0 

3.5 

7.5 

Ave . 

-4.3 

-1 .5 

-1 .8 

-3 . 7 

-0.7 

2.7 

9  .2 

5 

-3.0 

6 . 5 

4.0 

3.5 

10 . 5 

27.5 

42 . 5 

25 

1 . 5 

0.5 

-3  ..0 

0 . 5 

5.5 

9  .0 

11 . 5 

45 

0.5 

3 . 5 

3  .0 

4 . 5 

3.0 

10.0 

17.0 

Ave  . 

-0.3 

3.5 

1.3 

2.8 

6.3 

15.5 

23.7 

7 

-1.5 

10.0 

12.0 

17.0 

42.5 

80.0 

113.0 

27 

1.0 

4.0 

5.5 

8.5 

23.0 

49.5 

93.5 

47 

0.5 

9  .0 

7.0 

10.0 

23.5 

60.0 

77.0 



Ave . 

0.0 

7  . 7 

8.2 

11.8 

29  .3 

63  .2 

94.5 

22 

-1.0 

10 .  5 

6.5 

5.5 

14.0 

33  .0 

49  ,5 

22a 

-4-0 

0.0 

7.5 

3.0 

11 .5 

18.5 

19  .5 

24 

-0.5 

-4.5 

—3 .  5 

-1.0 

0-0 

1.0 

-0.5 

26 

-7.5 

-5.5 

-2.5 

1.0 

8.0 

19.5 

42.0 

26a 

-2.0 

3.0 

6.0 

10.5 

20.5 

42.0 

75.5 

28 

4.0 

10.0 

10.0 

15.0 

28.0 

55.5 

93.0 

Concrete 

021 

-3/5 

0.5 

3.0 

0.5 

19  .5 

47.5 

65.5 

023 

1.0 

-6.5 

-2.0 

-8.5 

-  0.5 

3.0 

10.5 

025 

-1.0 

4.0 

-3.0 

1.5 

4-5 

12.5 

22  .0 

027 

2.5 

6.0 

5.5 

10.0 

18.5 

41.5 

81.5 

East 


0.00 


Deflection  in  inches 
0.04        0.07        0.11  0.16 


0.33  0.51 


COLUMN 
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Unit 

De 

formation 

on  Lon 

gitiidlnal 

Gage 

Lines 

Steel 

No.  of 

t 
• 

Applied 

Load- 

lb. per  sq 

,  in. 

Gap;e  Line 

:  500 

750 

1000 

1305 

1500 

1750 

1805 

2(D1 

15 

,2 

29 

.6 

43 

.2 

63 

.8 

95 

.8 

204 

.2 

326 

.6 

221 

22 

.2 

37 

.8 

53 

.6 

72 

.0 

105 

.2 

196 

.6 

381 

.8 

241 

31 

.8 

46 

.8 

65 

.0 

87 

.2 

122 

.4 

250 

.6 

346 

.6 

Ave . 

23 

.1 

38 

.1 

53 

.9 

74 

.3 

107 

.8 

217 

.1 

351 

.7 

202 

10 

.0 

11 

.0 

19 

.0 

26 

.8 

35 

.4 

54 

.4 

50 

.0 

2222 

11 

.4 

19 

.2 

24 

.4 

32 

.6 

42 

.4 

66 

.4 

66 

.6 

242 

15 

.4 

22 

.4 

29 

.6 

39 

.4 

52 

.2 

75 

.6 

83 

.6 

Ave  . 

12 

.3 

17 

.5 

24 

.3 

32 

.9 

43 

.3 

65 

.5 

66 

.7 

203 

4 

.0 

3 

.2 

3 

.2 

1 

.6 

-7 

.4 

-40 

.2 

-94 

o 

223 

-0 

.2 

4 

.4 

4 

.6 

5 

,2 

-2 

.8 

-45 

.2 

-170 

.2 

243 

3 

.2 

5 

.2 

6 

.0 

4 

.0 

3 

.8 

-31 

.8 

-81 

.2 

Ave  . 

2 

.3 

4 

.3 

4 

.6 

3 

.6 

-2 

.1 

-39 

.1 

-115 

.2 

204 

6 

.0 

2 

.0 

5 

.8 

6 

.4 

3 

.2 

-32 

.6 

-  95 

.0 

224 

-0 

.2 

-0 

.4 

1 

.4 

1 

.8 

-4 

.2 

-54 

.8 

-223 

.0 

244 

-3 

.0 

-1 

.8 

-2 

.4 

-5 

.0 

-10 

.8 

-45 

.2 

-  90 

.2 

Ave  . 

0 

.9 

-0 

.1 

1 

.6 

1 

.1 

-3 

.9 

-43 

.2 

-136 

.1 

205 

11 

.4 

21 .6 

28 

.6 

40 

.2 

48 

.2 

82 

.2 

84 

.0 

225 

5 

.8 

12.0 

19 

.6 

28 

.2 

37 

.8 

62 

.2 

60 

.8 

245 

2 

.2 

8.2 

12 

.6 

21 

.0 

29 

.6 

55 

.2 

66 

.4 

Ave . 

6 

13.9 

20 

.3 

29 

.8 

38 

.5 

66 

.5 

70 

.4 

206 

25 

.8 

45 

.8 

64 

.2 

91 

.2 

131 

.4 

260 

.6 

438 

.0 

226 

20 

.6 

35 

.2 

49 

.0 

67 

.0 

107 

.0 

166 

.5 

366 

.8 

246 

14 

.8 

26 

.6 

45 

.2 

64 

.0 

95 

.8 

213 

.4 

302 

.0 

Ave , 

20 

.4 

35 

.9 

52 

.8 

74 

.1 

111 

.4 

213 

.5 

368 

.9 

207 

32 

.8 

55 

.0 

80 

.8 

114 

.e 

175 

.2 

359 

.0 

569 

.0 

227 

47 

.4 

Do 

•  ft 

95 

.2 

ft 

.  D 

243 

31 

.0 

51 

.0 

75 

.0 

99 

.4 

139 

.6 

29  5 

.6 

464 

.8 

Ave, 

30 

.0 

51 

.1 

74 

.7 

102 

.9 

150 

.5 

315 

.1 

516 

.9 

208 

29 

.2 

49 

.6 

70 

.8 

95 

.0 

138 

.2 

305 

.8 

501 

.0 

228 

26 

.0 

47 

.6 

68 

.6 

95 

.4 

158 

.6 

349 

.8 

697 

.0 

248 

35 

.8 

58 

.8 

80 

.0 

108 

.6 

153 

.8 

325 

.8 

466 

.4 

Ave . 

30 

.3 

52 

.0 

73 

.1 

99 

.7 

150 

.2 

327 

.1 

553 

.8 

Concrete 

101 

20 

.0 

32 

.6 

45 

.8 

64 

.2 

107 

.6 

211 

.8 

324 

.2 

121 

21 

.2 

35 

.8 

49 

.8 

67 

.4 

92 

.8 

198 

.4 

358 

.4 

141 

24 

.6 

37 

.6 

54 

.6 

73 

.6 

110 

.6 

210 

.4 

293 

.4 

Ave  . 

21 

.9 

22 

.8 

50 

.1 

66 

.4 

103 

.7 

206 

.9 

325 

.3 

103 

0 

.4 

1 

.4 

-0 

.4 

-1 

.4 

13 

.4 

-66 

.8 

-167 

.8 

123 

1 

.8 

3 

.0 

1 

.8 

2 

.4 

-5 

.8 

-62 

.6 

-242 

.4 

143 

-0 

.6 

-0 

.6 

1 

.8 

-1 

.6 

-8 

.2 

-56 

.6 

-125 

.4 

Ave  . 

0 

.5 

1 

.3 

1 

.1 

-0 

.2 

-0 

.2 

-62 

.0 

-178 

.5 

105 

13 

.2 

21 

.6 

34 

.4 

48 

.6 

75 

.4 

135 

.6 

176.' 

125 

5 

.2 

3 

.6 

22 

.4 

30 

.0 

45 

.2 

76 

.0 

98 

.4 

145 

4 

.0 

11 

.0 

15 

.0 

25 

.6 

34 

.2 

71 

.0 

90 

.2 

Ave  . 

7 

.5 

12 

.1 

23 

.9 

34 

.7 

51 

.6 

94 

.2 

121 

.7 

107 

32 

.6 

55 

.2 

78 

.6 

116 

.0 

185 

.4 

397 

.2 

705 

.0 

127 

32 

.4 

57 

.2 

82 

.0 

115 

.6 

186 

.2 

405 

.8 

147 

30 

.4 

53 

.4 

79 

.4 

112 

.0 

177 

.0 

372 

.0 

565 

Ave . 

31 

.8 

55 

.3 

80 

.0 

114 

.5 

182 

.9 

391 

,7 

635 

COLUMN  8991.1 
Unit  Deformation  on  Lateral  Gage  Lines 

Steel 


68 


No .  of 

Applied 

Load 

-lb .per 

sq  .in. 

Gage  Line: 

500 

750 

1000 

1305 

1500 

1750 

1805 

1 

3.0 

-3.0 

0.5 

5.0 

■  4.0 

32.5 

47.5 

21 

-4.0 

-5.5 

-5.0 

1.5 

4.0 

20.5 

50.5 

41 

3.5 

3.0 

6.0 

6.5 

11.0 

27.0 

43.5 

Ave . 

0.8 

-1.8 

0.5 

4.3 

6.3 

26.7 

47.2 

3 

-6.0 

-10.0 

-9  .0 

-9  .0 

-15.0 

-7.0 

6.0 

23 

-7.0 

-7.5 

-4.0 

-3.5 

-10.0 

3.0 

20.0 

43 

10.5 

6.0 

7.0 

4.5 

4.0 

8.5 

13.5 

Ave . 

ee.8 

-3.8 

-2.0 

-2.7 

-7.0 

1.5 

13.2 

5 

2.5 

9.5 

-4.5 

1.5 

4.0 

24.5 

39  .5 

25 

-2  .0 

-6.5 

-0.5 

-6.5 

-5.5 

10.5 

26.0 

45 

1.0 

1.5 

8.5 

5.5 

13.0 

25.5 

40.5 

Ave . 

0.5 

1.5 

1.2 

0.2 

3.8 

20.2 

35.4 

7 

-6.5 

-7.5 

-6.5 

-5.  5 

-5.0 

14.5 

49  .5 

27 

0.0 

-2.5 

2.5 

1.0 

6.0 

37.0 

68.5 

47 

4.0 

-2  ,0 

4.5 

0.0 

10 . 0 

'Z  yt  a 
O'i  .  0 

4d  .  D 

Ave. 

-1.5 

-4.0 

0.2 

-1.5 

3.8 

28.7 

54.8 

22 

1 .5 

-3  .0 

-2.0 

-0.5 

-4.0 

12.0 

32  .0 

24 

1.5 

-2.0 

1.0 

2  .  5 

-10.0 

8.5 

21 .0 

24a 

2.0 

-2.0 

3.5 

1.5 

.  -2.0 

9.0 

20.5 

26 

-4.0 

-5.0 

12.0 

-3.5 

-4.5 

6.5 

25.0 

26a 

3.0 

3.5 

1.5 

2.5 

3.0 

24.5 

62  .5 

28 

10.5 

4.5 

9  .0 

14.0 

18.0 

42.5 

84.5 

Concrete 

021 

3.5 

-6  . 5 

-6.0 

4.0 

2.0 

15.0 

29  .5 

023 

1.5 

0.5 

-3.5 

-5.5 

-8.5 

7.5 

28.0 

025 

-1.5 

-8.0 

-7.0 

-1.0 

-14.0 

-0.5 

17.5 

027 

2.5 

-7.0 

6.5 

-2  .0 

-  2.5 

18.0 

25.0 

East 


0.02 


Deflection  in  inches 
0.08         0.10        0.12         0.19         0.49  0.98 


COLUMN  8991.2 

Unit  Deformation  on  Longitudinal  Gage  Lines  69 
Initial  Load  55  Ib./sq.in. 
Steel 


No  . of         :  Ap.E.1  i ed  Load-lb  . per  sq.in.  

Gage  Line;  750  1250  15"05        1755     '   2005  2255  2385 

201  2~7.6  53.4  70.6        90T6  114.6        169.6  283.0 

221  30.6  58.4  76.6  100.8  135.0  232.4  525.0 
2411  27.8  50_^2  61.0         79.6   99.4         131.8  225.0 

Ave.       28.7  54. 0"  69.4  90.3         116.5        177.9  545.7 

202  16.2  51.4  57.0         49.^0  '       58.2           74.0    '  95.6 

222  17.0  35.2  41.0  55.0  62.8  81.6  95.0 
242               17.0  27.0  55.0         41.4   48.6  58.6  78.^ 

Ave;  16.7^^      50.5  57.7  ^47_^8__      56  ."6"        71.4  "88.2 

205       '        9.4  15.4  18.0         20.0  '    17.0           -0.6'  -72.2 

225                7.2  11.2  12.8        15.1  7.4           -50.0  te229.0 

245  8.4   15.0  17.0        19.2          17.0  9.2  -  41.0 

Ave  .         8.5  15.2  15 ^_6  18.1  15 ._8  -7.1  "-114.1 

204  9.6  15. d~  19.2         21.2  19.2             5.8  -62.2 

224  7.4  14.4  15.4  17.0  12.4  -16.8  -166.6 
244   15.0  17.0  21.0        26.6  25.0  16.5  -27.0 

Ave.       10.7  15.5     '  18.5        21.6          18.9  1^  -85.5 

205  20.0  51.8  38.8         48.8  58.8           75.6  88.6 

225  18.2  51.4  41.4  54.0  64.2  84.8  108.6 
245  1 7  ^8  51  ^  40^.  4         49  . 2           58 . 2  79  .2  70.4 

Ave".       18.7  51.6  40  ."2         50.7  60.4          79  ".9  89  .2 

206  52.4  54.8  67.0        86.4  110.6        154.0  "  266.0 

226  28.6  56.0  69.8  95.0  120.8  202.4  477.0 
246  28.6  49.0  62.6        74.8  98.8        156.8  204.6 

Ave  .       29.9  55.5  66 .5  85^4  110.1        164.4  '513.5 

207  57.5  69.8    ~    86.~8      110.8  155.8     "  184.4  558.0 

227  55.0  50.8  77.6        95.6  155.6  522.0 

247  50.8  61.4  79.2       102.4  117.4         175.8  516.4 

Ave.^       55.7  60.7  81.2       102.5  155 .6        227.4  557.2 

208  57.2  72.2  86.4       108.2  146.4         218.0  550.0 

228  58.4  75.6  95.8  119.8  165.8  299.6  776.0 
246  52.4  61^,  78.6       102.6  121.2         168.0  515.0 

Ave'.       56.0  69  .'l"   '  87.6      110.2        144.5         228.5  479.7 


Concrete 

101              54.8        57.4  75.8  97.8  122.4  178.0  502.0 

121              25.6         51.6  71.8  95.8  125.8  218.8  557.0 

141  5g^:_4  47  .J          66.0  81.6  98.6  145.4  563.0 

Ave.       50.5        52.5      '  71.2  91.1  115.6  180.7   ^400 . 7 

105              10.2         15.8  20.0  24.0  25.8  8.8  -5'8"."2 

125              10.8        15.6  18.0  19.4  14.2  -14.8  -191.4 

145  10.6  _    14.2  18.6  21.4  l^'A  15.4  -  55.4 

Ave.       10  ."5"   '  15.2"  is. 9  "21.6  19.8"  2.5  -  87.7 

105              15.2         25.0  50.6  56.6  46.6  50.4  46.6 

125              16.8         29.8  55.0  45.2  48.2  72.0  14.0 

145  17.2         24.0  52.0  57.8  45.2            47.2  40.0 

Ave.       16.4        26.5  32.5  59.9  46,7  ""56.5  55.5 

107              55.8        64.4  80.0  105.2  156.2  201.6  '  540.6 

127              55.0         64.4  82.8  106.8  142.8  247.8  654.0 

147  50.6         57.8  77.2  96  .8  101.2   1 85.6  525  ._0. 

Ave.       55.1        62.2  80.0  102.5  126.7  2"ll.7  459 


I 

J 


COLUMN 

ftQQl  P 

70 

Unit 

Deformation  on 

T  ,3  +  *s  riQ  n 

Initial  Load 

R  R  n  Vi  / 

(J  <J    X  u  .  / 

steel 

No.  of 

Applied  Load 

X  u . pc I 

sq . in. 

Gage  Line: 

750 

X  C3U  o 

1  7  R  R 
X  /  OO 

2005 

2255 

2385 

1 

0.0 

7  n 

7  n 

7.0 

21.5 

44.0 

21 

13.5 

1  7  O 

1  Q  n 

X  I?  •  w 

PR  O 

30.0 

50.0 

92.0 

41 

0.5 

p  R 

ft  R 

9.5 

18.0 

53.5 

Ave . 

4.7 

1  ,  O 

Q  R 

X  o  .  o 

15.5 

29.8 

63.2 

3 

-2.0 

o  .  u 

O  .  D 

-9.0 

-1.5 

8.5 

23 

-4.0 

o  ^ 
o  .  o 

—  p  R 

0  .  u 

-4.0 

1.0 

18.5 

43 

4.0 

D  .  U 

o .  u 

o .  u 

7.0 

5.0 

10.5 

Ave . 

-0.7 

7 

n  7 

-p  ft 

-2.0 

1.5 

12.5 

5 

-7.0 

— Q  R 

J?  .  o 

—ft  n 

-12.5 

3.5 

17.0 

25 

7.0 

O  .  O 

IP  o 

xu .  u 

15.5 

22.5 

52.0 

45 

1  .0 

0.0 

4.0 

1  .  u 

5.0 

3.5 

18.0 

Ave . 

0.3 

-0.3 

2.3 

1.0 

2.7 

9.8 

29  .0 

7 

3.5 

7.5 

8.5 

8.5 

13.0 

30.5 

69  .0 

27 

8.0 

X  o  .  VJ 

16.5 

2.5 

19.5 

58.5 

96.5 

47 

-2.5 

p  n 

4.5 

5.0 

11.5 

26.0 

58.0 

Ave . 

3.0 

7  P 

9.8 

5.3 

14.7 

38.3 

7ft.  5 

22 

0.5 

2.0 

-1.0 

6.5 

32.0 

69.5 

22a 

7.5 

7.0 

8.5 

11.5 

10.5 

10.5 

36.5 

24 

1.5 

1.5 

2.0 

-1.5 

-10.0 

-2.5 

18.0 

26. ei 

6.0 

1.0 

3.5 

-11 .5 

5.0 

23  .5 

68.0 

26a 

-9  .0 

-9.5 

-5.5 

-  7.0 

4.5 

25.5 

82.5 

28 

13.5 

14.5 

20.0 

19.0 

27.5 

61.5 

111  .0 

Concrete 

021 

-0 . 5 

2.0 

3.5 

3.5 

12.0 

33.5 

74.0 

023 

-4.0 

2.5 

-2.5 

-0.5 

2.0 

5.5 

-3.5 

025 

-2.5 

-6 . 5 

-5.5 

"il.O 

-  7.5 

-  0.5 

38.5 

027 

5.0 

8.5 

2.0 

6.5 

16.0 

46.0 

102  .0 

Deflection  in  inches 

East 

0.03 

0.04 

0.07 

0.09 

0.14 

0.31 

1  .05 

COLUMN  8991.3 

Unit 

Deformation 

on  Longitudinal  Gage 

Lines  71 

Initial 

Load  58 

lb . /sq . in . 

Steel 

No .  of 

Applied  Load-lb 

.per  sQ.in. 

Gage  Line: 

750 

1500 

1715 

1995 

2115 

201 

25.0 

77.0 

89  .2 

142  .0 

231.0 

221 

26.4 

70.8 

92.4 

158.4 

356.4 

241 

31.4 

86.0 

114.8 

174.2 

303.4 

Ave . 

27.6 

77.9 

98.8 

158.2 

296.8 

202 

14.2 

37.0 

49  .6 

66.2 

98.2 

222 

14.8 

37.8 

47.2 

61.2 

89.2 

242 

19.8 

48.2 

63.2 

92.2 

126.2 

Ave . 

16.3 

41 .0 

53.3 

73  .9 

104.5 

203 

8.8 

20.8 

24.0 

18  .0 

-24.4 

223 

5.6 

13.8 

15.8 

0.6 

-90.4 

243 

10.2 

20.0 

22.6 

9  .8 

-36.2 

Ave . 

8.3 

18.0 

20.8 

9.5 

-51.0 

204 

8.6 

22.2 

27.0 

17.6 

-32.2 

224 

7.4 

12.2 

17.4 

-4.6 

-116.6 

244 

5.0 

15.2 

15.0 

-3.0 

-  60.0 

Ave  . 

7.0 

16.5 

19  .8 

3.3 

-  69*£ 

205 

20.0 

47.0 

59.4 

74.0 

96.5 

225 

1322 

33.6 

40.8 

50.8 

62.4 

245 

11.4 

36.6 

46.0 

63.6 

86.2 

Ave . 

14.9 

38.7 

48.7 

62.8 

81.7 

206 

30.6 

75.4 

101.4 

153.8 

253.4 

226 

27.0 

71.0 

89.8 

138.8 

322.2 

246 

23.4 

73.4 

103.4 

179.4 

321.4 

Ave . 

27.0 

73.3 

98.2 

157.3 

299.0 

207 

36.2 

94.0 

116.2 

167  .8 

358.0 

227 

34.0 

93.0 

111.0 

179  .4 

477.0 

247 

35.8 

108.2 

147.2 

262.2 

501.2 

Ave . 

35.3 

98.4 

124.8 

203.1 

445.4 

208 

34.8 

90.8 

128.0 

186.8 

338.0 

228 

33.6 

92.6 

113.6 

199.0 

510.0 

248 

38.8 

110.8 

146.8 

258.8 

454.8 

Ave . 

35.7 

98.1 

129  .5 

214.9 

434.3 

Concrete 

101 

23.6 

66.4 

87.2 

129  .4 

231.8 

121 

27.8 

72.0 

92.2 

155.8 

369  .8 

141 

30.8 

88.0 

118.6 

197.2 

356.0 

Ave . 

27.4 

75.5 

99.3 

160.8 

319.2 

103 

6.6 

28.6 

23.8 

20.6 

-  8.6 

123 

6.8 

15.2 

17.6 

7.8 

-73.2 

143 

10.6 

19  .4 

24.0 

15.0 

-21.0 

Ave  . 

8.0 

21.1 

21 .8 

14.5 

-34.3 

105 

14.0 

34.0 

43.6 

46.2 

44.4 

12S 

11.2 

31.6 

2.2 

145 

8.0 

21.2 

27.0 

29  .0 

22.0 

Ave  . 

11.1 

26.9 

33.9 

35.6 

22  .9 

107 

37.6 

95.8 

129.0 

198.2 

390.0 

127 

29  .8 

83.6 

106.0 

T  "70  Q 

424.2 

147 

33.4 

90.4 

124.0 

216.8 

422  .0 

£ve . 

33.6 

89.9 

119.7 

197.9 

412.1 

72 

rnt  TTT\/rAT  oqqi  t 

Deformation  on  Lateral  Gage  Lines 

Initial  Load  58  lb. /so 

.  in. 

Steel 

No. of  : 

Apiolied  Load-lb  .per  sq.in. 

Ga^e  Line: 

750 

1500  1715 

1995 

2115 

1 

2 . 

10.0  11.0 

24.5 

50.5 

21 

5.0 

15.0  14.0 

27.5 

112.5 

41 

5.5 

18.0  13.5 

33.0 

58.0 

Ave  . 

4.2 

14.3  13.5 

28.3 

73.5 

3 

2.0 

6.5  0.0 

7.5 

17.5 

23 

7.5 

7.5  5.0 

6.0 

20.0 

43 

-7.5 

-0.5  -3.5 

3.0 

17.0 

Ave . 

0.7 

4.5  1.0 

5.5 

18.2 

5 

2.0 

6.0  6.0 

13.0 

23.0 

25 

4.0 

7.5  5.0 

13.5 

42.0 

45 

1.5 

7.5  4.5 

12.0 

23.0 

Ave  ♦ 

2.5 

•7    0                         R  C? 
/  .  U                         0  .  /C 

TO  ft 

29.3 

7 

5.5 

15.0  9.5 

22  .5 

52.0 

27 

3.5 

14.0  16.0 

28.5 

63.5 

47 

2.5 

13.0  11.5 

36.5 

65.0 

Ave  . 

3.8 

14.0  12.3 

29.2 

60.2 

22 

3.0 

6.5  5.5 

11.5 

32  .5 

24 

2.0 

1.0  -1.5 

-2.5 

9.5 

24a 

1.0 

1.5  -1.5 

0.5 

12.5 

26 

7.5 

19.5  155.0 

25.5 

67.0 

27a 

4.0 

10.0  17.5 

31.5 

75.5 

28 

6.5 

13.0  15.5 

30.0 

70.0 

Concrete 

021 

8.5 

19.0  18.5 

37.0 

91.0 

023 

0.0 

5.5  3.5 

-1.5 

0.0 

025 

2  .0 

2.0  -0.5 

2.0 

17.5 

027 

3.5 

7.0  -3.0 

5.5 

49  .5 

Deflection  in  inches 

East 

0.04 

0.11  0.16 

0.34 

0.94 

COLUMN  8992.4 
Unit  Deformation  on  Longitudinal  Gage  Lines 


73 


Steel 


Applied  Load-lb. per 

sq . 

in. 

500 

995 

1395 

1795 

2095 

2390 

2695 

901 

17 

.8 

00 

.  4 

p.  T 
Oi 

.  8 

.  2 

8  / 

0 

.  c 

1  A  C 

p 
*  0 

lOO 

r* 

.  D 

16 

.6 

X/i 
04 

Q 
.  C5 

ox 

p 

D8 

p 

.  Ct 

ft  ft 
00 

«  4 

111 

XXX 

*  0 

Pfti 

oox 

A 
.  D 

19 

.4 

oX 

c. 
.  u 

00 

0 
.  c, 

c  c 

0 
.  c, 

Q  0 

y  u 

» t> 

1  1  "7 
XX  / 

•  u 

P  c 

Pi 
.  U 

Avp  . 

17.9 

00 

Q 

CiP 

>  X 

/  X 

0 

.  c 

rift 

111 
XXX 

•z 
•  0 

91  ft 
0X0 

A 

.  4 

Q 

Q 

•  o 

1  ft 

xo 

P  R 

.  u 

OD 

n 
•  U 

AC\ 
'iSJ 

p 

Aft 
40 

0 
.  0 

DU 

D 

999 

Cj  £J 

X  o 

p 

<OV 

P  "7 

Q 

r\ 
.  U 

A  C 

•  D 

00 

•  u 

ft 

OO 

•  u 

24-2 

"1  9 

A 
•  ft 

1  Q 

xy 

-  D 

PQ 

p 

.  c 

.  U 

/I  A 

Q 
•  0 

C  A 

P 

ftft 

•  4 

Avp  - 

£\  V  w  • 

XX 

O 
•  O 

xy 

•  0 

P  "7 

.u 

OD 

rj 
.  f 

P 

CP 
Do 

n 
•  » 

1  I 

A 

•  4 

V/  o 

T 
X 

Q 
«  O 

■3; 

p 

X 

0 
.  0 

0 

•  0 

A 

/I 

•  4 

"Z 

0 

0 

ft 

kJ 

1 

X 

p. 

.  U 

0 

.  0 

0 

0 
•  0 

a 
D 

p 

1  2 
Xo 

n 
.  u 

0  1 

ft 

24-/5 

0 

•  o 

/I 
u 

Q 

D 

p 

0 
.  0 

1  A 
X  rfc 

D 
•  0 

1  A 
X  4 

.  0 

X  0 

0 
.  0 

Avp  - 

XI  V  d  • 

o 

c, 

'Z 

0 

ry 

•7 

c 
.  0 

4 

17 
•  / 

Q 

8 

«  0 

y 

0 
*  y 

—  PC 

Q 

•  0 

204- 

V 

A 

4 

Q 

.  o 

D 

.  U 

c 
0 

.  u 

17 

p 
«  C, 

'Z 

0 

•  4 

0 

» u 

y 

Q 
.  0 

224. 

"2 

o 

XO 

0 
•  C 

1 

•  U 

rf 
1 

•  U 

•  u 

•z 
0 

P 

-AT 
OX 

»  U 

24.4. 
ti)  •art 

o 
c 

.  D 

4 

•  c 

4 

•  U 

A 

4 

c 
.  0 

D 

r\ 
.  U 

/I 
4 

p 

—  AA 
44 

.  u 

X\  V  c  • 

"7 

o 

17 
•  1 

17 
1 

Q 
•  0 

0 

.  0 

D 

A 

»  *t 

0 

.  X 

A 

4 

1 

Oo 

7 
.  0 

20 

XU 

.  U 

10 

.  U 

23 

.U 

oO 

.  U 

"Z  "7 

0  / 

*  U 

4  4 

.  U 

CI 

ox 

« u 

22  R 

Q 

o 

0 

24 

0 

o2 

.0 

4i 

.  u 

/I  Q 

48 

Q 

•  8 

c  c 
Ob 

A 

.  4 

•70 

« b 

24R 

10 

.  6 

1  / 

A 

.  4 

2o 

A 

.  4 

'Z  c 

00 

.  u 

4U 

.  D 

C  A 

r\ 
.  U 

T/O 
1  0 

Q 
•  0 

ri.  V  t;  • 

9 

.  6 

19 

.  1 

0  <7 
C  / 

.  1 

"Z  c 

0  0 

"Z 

.  0 

/I  p 
4c 

.  1 

CA 

.  1 

A*/ 

b  / 

.  0 

17 

.0 

o4 

.  0 

CO 

o<; 

.  b 

"70 

r\ 
.  U 

y  ± 

Q 

.  8 

1  0 1 
X  c  1 

p 
.  c 

1  70 

loy 

A 

.  4 

22A 

19 

.6 

00 

D 
.  0 

00 

D 

.  8 

no 

1  Cj 

Q 
.  0 

y  0 

.  0 

lift 
XXo 

.  4 

pft"? 

•  4 

19 

.0 

37 

.  4 

55 

.  4 

n  0 

/  d 

.  6 

.  U 

x-dU 

.  b 

0  en* 
dO  ( 

0 

A  ^ro 

18 

c 

•  0 

36 

.  0 

53 

.9 

/4 

.  5 

y  4 

c  ~ 

TOO 

.  1 

0  0  Q 

.U 

25 

.  6 

43 

.0 

59 

.0 

78 

.2 

97 

.0 

117 

.2 

173 

.4 

CC  ( 

24 

0 
.  0 

50 

.8 

74 

.4 

100 

.8 

127 

.8 

163 

.4 

402 

.0 

247 

26 

.  2 

51 

.8 

78 

.2 

105 

.8 

129 

.8 

167 

.8 

357 

.4 

Ave  . 

2o 

r- 

.  0 

4o 

c 

•  0 

70 

.5 

94 

0  0 

lift 
xxo 

p 

1  /I  Q 

X4y 

.  0 

71  n 
oiu 

.  y 

208 

o  o 
22 

Q 

43 

0 

.  2 

63 

.6 

87 

A 

.  4 

T  r\  "z 
lUo 

Q 

•  8 

1  0  "Z 

D 

.  8 

1  /1 0 
i4y 

.  b 

2  9ft 

2o 

.  2 

51 

.  6 

73 

.4 

100 

a. 
.  0 

A 

.  4 

1  CQ 

108 

A 

•  4 

/I  7  c 
4o0 

p 
.  0 

2  Aft 

r\ 

50 

.  2 

74 

.8 

104 

*  4 

1  0  "7 

Lc,  f 

Q 

» 8 

TCI 

xbi 

.  b 

"Z  "7  "Z 
0/0 

•  U 

A  ^rci 
xi,  V  c  • 

<s4 

fy 
.  / 

48 

70 

.6 

97 

*  D 

X  xy 

.  / 

1  A^ 
X4  / 

.y 

71  Q 

oiy 

•Z 

•  0 

Concrete 

26 

.  2 

43 

.2 

62 

.2 

85 

•  8 

iUo 

.  4 

xoo 

P 

1  ft"? 

lO  i 

»  4 

T  2T 

X  iC  X 

19 

0 
.  2 

0  / 

.  6 

58 

.8 

80 

A 

.  4 

XU4 

Q 

1  c 

xoo 

.  D 

7  AV 
OD  / 

•  u 

1  41 

2i 

.0 

45 

.  4 

67 

.0 

95 

XX  / 

.  0 

1  cc 

xoo 

Q 

AO  "7 
4U  / 

Q 
.  0 

Xi  V  c  • 

22 

.1 

42 

.  1 

62 

.7 

87 

P 

Tin 

X  X  u 

■z 

.  0 

1  A1 
X4X 

c 

.  0 

7PO 
OoU 

"7 

2 

.2 

1 

.  D 

2 

.6 

5 

p 

0 

Q 

c 

0 

•  U 

_  r\ 
U 

A 
•  4 

1  2*^ 

4 

.4 

5 

.  8 

7 

.4 

e 

A 

.  4 

Q 

y 

Q 
•  0 

rr 
1 

A 

.  4 

_    A  7 
4  / 

p 

1  AT? 

4.6 

4 

.  8 

17 

.2 

12 

.u 

1  A 

14 

Q 

;° 

1  A 

14 

0 
.  0 

—  17 

-  10 

Ave  • 

3 

.7 

4 

.8 

9 

.1 

8 

.9 

10 

.1 

9 

.1 

-  20 

.  5 

xu  o 

8 

.6 

10 

.8 

16 

.2 

20 

.2 

25 

.0 

28 

.4 

29 

.0 

125 

8 

.8 

9 

.4 

16 

.0 

20 

.2 

25 

.2 

26 

.8 

0 

.4 

145 

6 

.6 

10 

.0 

16 

.6 

22 

.2 

28 

.4 

32 

.0 

27 

.8 

A¥e. 

8.0 

10 

.1 

16 

.3 

20 

.9 

26 

.2 

29 

.1 

19 

.1 

107 

23 

.4 

45 

.4 

69 

.2 

96 

.8 

124 

.6 

158 

.8 

219 

.0 

127 

27 

.0 

48 

.2 

69 

.0 

96 

.0 

124 

.2 

161 

.2 

445 

.4 

147 

21 

.8 

47 

.2 

73 

.0 

105 

.2 

133 

.2 

178 

.2 

428 

.8 

Ave . 

24 

.1 

46 

.9 

70 

.4 

99 

.4 

127. 

3 

166 

.1 

364 

.4 

74 

COLUMN  8992.4 

Unit  Deformation 

on  Lateral  Gage  Line 

Steel 

No.  of 

• 
• 

Applied  Load-lb 

.  pe  r  s  4 . 

 .  

in . 

Gafie  Line:  500 

995 

139  5 

1795 

C  Ox}  u 

2695 

2720 

1 

-3.0 

0.0 

4.5 

10.0 

1/1 

X  /  .  u 

25.0 

22.5 

21 

-5.0 

-11.0 

0.0 

0.5 

O  .  0 

1  G  r, 
xy  .u 

83.5 

136.0 

41 

-7.0 

-1.0 

2.5 

4.0 

1  A  n 

X4t .  U 

pn  R 

73.0 

112.0 

Ave . 

-5.0 

4.0 

2.3 

4.8 

11  "7 
X  X  .  » 

IP  ft 
xo  •  o 

60.5 

90.2 

3 

-3.0 

-4.0 

-5.0 

-5.0 

^ .  u 

_  R  R 

-4.0 

-3.0 

23 

-1.0 

0.5 

-3.0 

-0.5 

22.0 

36.5 

43 

1.5 

-3.0 

-3.5 

-1.0 

n  r. 

—  R 

7.0 

17.0 

Ave . 

-0.8 

-2.2 

-3.8 

-2.2 

-D  7 

-A 

8.3 

16.8 

5 

4.0 

§.0 

0.5 

1.0 

O  D 
ic  .  U 

o  n 
u .  u 

0.5 

-2.5 

25 

-8.0 

-3.5 

-1.5 

3.0 

A  R 

o .  u 

43.0 

59  .0 

45 

-2.0 

1.0 

-0.5 

2.0 

£^  .  <J 

X  .  o 

13.5 

22.5 

Ave  . 

-2  .0 

0.8 

-0.5 

2  .0 

O.I 

n  R 

19.0 

26.3 

7 

1  .0 

3.0 

7.5 

12.0 

X  O  .  V/ 

1  Q  0 

X  «7  »\J 

27.5 

32  .0 

27 

-6.0 

6.0 

J.  O  .  cj 

1  ft  n 

103.5 

156.0 

47 

-17.5 

-16.0 

-10.0 

-7.5 

X.\J  .  <J 

65.0 

82  .0 

Ave . 

-7.5 

-  5.8 

0.3 

3.5 

X  X  »  -J 

1  R,  ft 
X  o .  o 

66.3 

90.0 

22 

-1 .0 

2.5 

0.0 

-1.0 

1.5 

2  .0 

60.0 

104.0 

22a 

-7.0 

7  .0 

5.0 

6.0 

4.0 

6.5 

34.0 

54.5 

24 

-2  .0 

2.0 

4.0 

5.0 

7.5 

5.0 

20.0 

46.0 

-Q  Pi 

-2.0 

-6.5 

-1.0 

1.5 

— n  R 

42.5 

74.5 

26a 

-8.5 

-5.5 

-3.5 

3.5 

o  n 
y  .  u 

79.5 

120.5 

28 

-9  .0 

-3.0 

0.0 

5.0 

11.5 

xy  .u 

86.5 

146.5 

Concrete 

021 

-7.5 

-17.0 

-5.5 

-6.5 

1.5 

4.0 

81.5 

179.5 

023 

-1.0 

-1.0 

1.0 

3.0 

2.5 

-1.0 

10.0 

37.0 

025 

-8.5 

-  4.5 

-4.5 

-7.0 

-2.0 

-4.0 

27.0 

42.5 

027 

-3.0 

-4.0 

1.0 

10.0 

17.  5 

27.0 

71.0 

105.5 

Deflection  in 

inches 

East 

0.02 

0.04 

0.06 

0.10 

0.12 

0.18 

0.48 

0.78 

COLUMN  8992.5 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  61  Ib./sq/in. 
Steel 


75 


No. of  :  

Gage  Line: 1055  1510    1810    2090  2300 


Applied  Load-lb. per  sq.in. 


2600 


2855  2885 


175 


201 
221 
241 


25.8  43.2  57.8  70.0  80.2  97.4  133.8  149.8  47.4 
23.8  48.8  59.8  76.4  85.8  114.4  245.2  345.0  245.6 
28.8     50.6     66.2     80.4     92.6     120.8     193.4     251.2  142.8 


Ave.     26.1     47.6     61.3     75.6     86.2     110.9     190.8     248.7  145.3 


202 
222 
242 


13.6 
16.0 
17.0 


22  .4 
24.8 
27.4 


31  .2 
34.0 
36.8 


35.6 
42.4 
46.4 


41 .2 
65.4 
51.0 


48.0 
56.2 
64.0 


63.2 
75.4 
89  .2 


65.8  42.6 
81.4  44.0 
94.0  36.0 


Ave.     15.5     24.5     34.0     41.5     52.5      56.1       75.9      80.4  40.9 


203 
223 
243 


Ave  . 


6.6  14.4  16.2  20.6  24.2  24.0       13.8  -  5.0  -18.6 

10.8  15.0  20.0  19.4  23.0  10.4     -21.8  -61.0  -60.8 

9.2  15.8  23.0  26.8  28.4  30.8        8.4  -9.6  -26.2 

"  8.9  16.1  19.7  22.3  25.2  21. 7  ^     ^0.1  -25.2  -35.2 


204 
224 


10.6 
10.2 


15.4 
15.2 


21.2 
18.4 


23.8 
20  .8 


26.2 
22.8 


27.8  17.0 
18.6  -25.8 


-  3.8  -20.8 
-71.8  -65.8 


244 

12  .0 

16 

.4 

19 

.2 

25.8 

30 

.8 

32.4 

1 

.4 

-18 

.6 

-30.8 

Ave  . 

10.9 

15 

.7 

19 

.6 

23.4 

26 

.6  . 

26.3 

-2 

.5 

-31 

.4 

-39  .1 

205 

19  .4 

31 

.6 

36 

.8 

43.0 

49 

.8 

55.4 

67 

.4 

73 

.2 

29.2 

225 

16.0 

28 

.2 

34 

.6 

44.6 

49 

.0 

57.4 

78 

.0 

88 

.4 

45.4 

245 

22.8 

31 

.6 

39 

.6 

49.2 

51 

.2 

64.8 

85 

.0 

94 

.2 

33.2 

Ave  . 

19  .4 

30 

.5 

37 

.0 

45.6 

50 

.0 

59  .2 

76 

.8 

85 

.3 

35.9 

206 
226 
246 


31.2 
33.8 
29  .4 


52.0  64.2  71.6  82.0 
52.0  64.0  81.8  92.2 
50.2     63.0     78.2  90.2 


97.4  128.8 
117.0  293.8 
119.6  257.2 


134.2  592.0 
416.2  309.8 
314.2  208.2 


Ave.     31.5     51.4     63.7     77.2     88.1     111.3     226.6     288.2  303.3 


207 
227 
247 


39.2  63.2 
39.2  65.2 
39.6  65.2 


80.2  93.6  114.2 
81.0  102.8  118.4 
83.0  104.8  120.8 


131.2  171.2 
155.0  393.0 
153.0  330.0 


199.4 
565.0 
406.0 


70.8 


Ave.     39.3     64.5     81.4  100.4  117.8     146.4     298.1  390.1 


70  .8 


208 
228 
246 


46.6  60.6 
37.8  63.6 
41.2  69.6 


80.2  94.6  110.0 
82.4  103.6  116.0 
89.0  112.8  137.0 


129.2  194.4 
168.0  184.0 
178.4  327.0 


292.0  114.0 
609.0  407.6 
352.0  253.6 


Ave.     41.9     64.6     83.9  103.7  121.0     158.5     235.1     417.7  258.4 


Concrete 


101 .2 
123.2 
117^6 
114.0 


153.6 
274.0 
214.8_ 
214.1 


192.6 
392.6 
275.2 


84.4 
270.4 
170.4 


286.8  175.1 


7.8     -  4.8 

-51.4  -54.4 
6.0  -28.0 


107 
127 
147 


118.8  175.0  215.0  90.6 

155.6  366.6  532.8  384.2 

148.0  297.0  371.0  256 . 4_ 

Ave.     36.5     58.9     76.0  94.3  107.5     140.8  279.9  372.9  243.'7 


35.0 
38.6 
35.8 


56.4 
64.6 
55.8 


70.0  85.0  90.0 
82.6  103.6  116.8 
75,4    94.2  107.8 


\j  uLi  u  MJM  by  y  c  .  O 

76 

Unit  Deformation  on  Lateral  Gage  Lines 

Initial 

Load  61  Ib./sq. 

in. 

Steel 

No.  of 

• 

Applied  Load-lb. per  sq. 

in. 

Gage  L 

ine:1035 

1510 

2600 

2855 

2885 

175 

1 

-5.  5 

-4  0 

A    Ci            O  ^ 
*t  .  U            <&  .  0 

8.0 

17.0 

27.0 

2.5. 

21 

0.0 

15 

1  n  f!        7  R 

15.0 

69.0 

101.5 

65.5 

41 

-2.5 

10.5 

XW  .  U            X  .  o 

31.0 

57.0 

83.0 

37.5 

Ave 

.  -2.7 

2.7 

O.I 

Tin       1  n 
XX. u  xu.o 

18.0 

47.7 

70.5 

35.2 

3 

•0-5 

-3.0 

0  0 

0  n       -A  s 

-4.0 

-7.5 

-4.0 

-22.5 

23 

-2.0 

-4.6 

-ft  0 

-A  n      -R  n 

.                 o  . 

-4.0 

1.0 

11.0 

0.0 

43 

-5.0 

-3.5 

-A    c;  K 

5.0 

-6  5 

7.0'^ 

0.5 

Ave 

-1 .8 

-3.7 

-1.0 

-4. '5 

4.7 

-7.3 

5 

6.0 

-3.5 

P     S          -A  D 

-1.0 

8  J 

4.0 

-5.0 

25 

0.0 

-9  .0 

-7  R 

—p  n       —1  <=, 
c  .  U           X  .  o 

4.5 

36.0 

52  .0 

32.0 

45 

1.0 

1.0 

6.0 

2.5  8.0 

9.6 

31.5 

38.0 

24.0 

Ave 

2.3 

-3.8 

-0.7 

1.0  0.2 

4.3 

25.2 

31.3 

17.0 

7 

0.0 

0.0 

1.5 

6.0  7.5 

6.0 

25.5 

36.5 

-1.5 

27 

1.0 

-4.5 

±  .  O 

X  .  U            D  .  D 

19  .5 

71 .5 

100.0 

52.5 

47 

-1.5 

-2.5 

ft  R       1  A  n 

26.0 

71.5 

89  .5 

44.0 

Ave 

.  -0.2 

-2.3 

1  O 

R   p         IP  p. 

17.2 

56.2 

75.3 

31 .7 

22 

0.5 

0.0 

^  .  0 

o  .  u         o  .  U 

7.0 

23.0 

38,0 

28.5 

22a 

-6.0 

-1.5 

0.0 

-2.5  1.0 

1.0 

23.5 

33  .5 

25.0 

24 

-7.0 

-5.5 

-6.5  -8.5 

_  A  n 

18.0 

5.0 

26 

-5.0 

-11 .5 

-9.0 

-4.5  -2.5 

ip.o 

47.5 

77.0 

34.5 

28 

•rl3v5 

-9.0 

0.0 

2.5  5.0 

14.0 

79  .5 

119  .5 

68.5 

29 

-1.0 

1.5 

5.5 

2.5  3.0 

18.5 

94.0 

146.5 

102 . 5 

Concrete 

021 

0.5 

*t  »  O 

5.5 

3.0  8.0 

24.5 

110.5 

69.5 

023 

2.5 

0.5 

2.5 

3.5        1 .0 

2.0 

20.0 

40  0 

28.0 

025 

3.5 

-5.5 

-3.0 

-3.5      -7.5  - 

5.5 

21.5 

33  .  5 

23.0 

027 

6.5 

5.5 

7.5 

12.0  17.0 

24.5 

69.0 

90  0 

49.5 

Deflection  in  inches 

East 

0.05 

0.06 

0.08 

0.12  0.14 

0.18 

0.39 

0.51 

0.30 

1 

COLUMN  8992.6 
Unit  Deformation  on  Longitudinal  Gage  Lines 
Initial  Load  61  Ib./sq.in. 
Steel 


N o  . o f        :  Applied  Load-lb. per  sq.in. 


Gage  Line: 

995 

1505 

2010 

2255 

2510 
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2900 

201 

28 

.2 
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o 
.  ^ 
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.8 
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.2 
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.3 
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93 
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.0 

241 

30 

.2 

49 

.0 

71 

.0 

85 

.8 
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.0 
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.0 
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.0 

Ave  . 

29 

.1 

47 

.9 

67 

.7 

77 

.5 

94 

.7 
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.2 

187 

.4 
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i9 

.6 

29 

.6 

41 

.6 

47 

.6 

54 

.0 

57 

.4 

62 

o 
.  «^ 

222 

18 

.2 

29 

.0 

39 

.0 

45 

.0 

51 

.0 

58 

.0 

71 

.0 

242 

18 

.2 

29 

.8 

42 

.2 

51 

.8 

58 

.8 

68 

.4 

88 

.0 

Ave  . 

18 

.7 

29 

.5 

40 

.9 

48 

.1 

54 

.6 

61 

.3 

75 

.7 

203 

12 

.2 

19 

.2 

25 

.2 

29 

.6 

29 

.2 

19 

.0 

-16 

.8 

223 

8 

.4 

13 

.4 

17 

.4 

19 

.0 

19 

.4 

12 

.4 

-41 

.2 

243 

9  . 

4 

14 

.4 

20 

.2 

25 

.0 

24 

.8 

14 

.4 

-31 

.0 

Ave  . 

10 

.0 

15 

.7 

20 

.9 

24 

.5 

24 

.5 

15 

.3 

-29 

.3 

204 

14 

.6 

18 

.6 

22 

.6 

26 

.6 

24 

»6 

9 

.8 

-27 

.8 

224 

8 

.8 

14 

.0 

16 

.0 

18 

.0 

18 

.0 

9 

.0 

-45 

.6 

244 

11 

.0 

15 

.4 

20 

.0 

25 

.0 

24 

.0 

14 

.6 

-32 

.0 

Ave . 

11 

.5 

16 

.0 

19 

.9 

33 

.2 

22 

.2 

11 

.1 

-35 

.1 

205 

16 

o 

29 

.2 

43 

.8 

52 

.2 

62 

.2 

76 

.0 

90 

.2 

225 

20 

.4 

32 

.4 

44 

.4 

53 

.0 

60 

.0 

70 

.4 

98 

.4 

245 

18 

.8 

33 

.2 

45 

o 

•  — ' 

57 

.2 

68 

.6 

78 

.  2 

107 

.2 

Ave . 

18 

.5 

31 

.6 

44 

.5 

54 

.1 

65 

.6 

74 

.9 

98 

.6 

206 

30 

.4 

47 

.4 

65 

.8 

77 

.4 

85 

.4 

110 

.2 

133 

.4 

226 

28 

.2 

48 

.2 

67 

.2 

82 

Q 

94 

o 

123 

.0 

162 

o 

246 

27 

.6 

51 

.0 

72 

.8 

89 

.0 

107 

.0 

147 

.6 

267 

.2 

6-.,  Ave. 

28.7 

48 

.9 

68 

.6 

82 

.9 

95 

.5 

126 

.9 

187 

.6 

207 

38 

.0 

66 

.0 

99 

.0 

116 

.0 

164 

.2 

221 

.8 

356 

.2 

227 

38 

.8 

64 

.0 

92 

.0 

112 

.0 

135 

.0 

197 

.0 

329 

.6 

247 

36 

.8 

66 

.0 

98 

.4 

118 

.0 

145 

lA  — 

189 

.4 

364 

.4 

Ave . 

37 

.9 

65 

.3 

96 

.-5' 

'  115 

.3 

'148 

.  2 

202 

.7 

350 

.1 

208 

39 

.6 

69 

.6 

103 

.6 

124 

.0 

160 

.4 

236 

.2 

361 

.8 

228 

38 

.6 

63 

.0 

93 

.0 

111 

.0 

131 

.0 

170 

.0 

317 

.0 

248 

39 

.8 

68 

o 

99 

.0 

119 

.2 

146 

.2 

198 

.6 

398 

.8 

Ave  . 

39 

.3 

66 

.9 

98 

.5 

118 

.1 

145 

.9 

201 

.6 

359 

.2 

Concrete 


101 

32.0 

54.8 

80.8 

95.4 

120.0 

186 

.0 

297.6 

121 

30.6 

50.0 

71.4 

85.4 

99  .0 

125 

.0 

215.2 

141 . 

33.0 

55.6 

83.0 

95.8 

113.6 

156 

.6 

304.0 

Ave  . 

31.9 

53.5 

78.1 

92.2 

110.9 

155 

.9 

272.3 

103 

11.4 

17.2 

22.4 

28.2 

28.4 

20 

.6 

4.0 

123 

9.4 

15.6 

18.0 

20.0 

22.0 

15 

,6 

-21.8 

143. 

10.8 

17.3 

23.0 

27.8 

28.2 

20 

.8 

-22  .0 

Ave . 

10  .5 

16.7 

25.2 

25.3 

26.2 

19 

.0 

-13.3 

105 

18.0 

30.8 

45.6 

53.6 

64.8 

87 

.6 

111.6 

125 

19  .4 

31.4 

43.4 

51.4 

57.4 

70 

.6 

93.4 

145 

19  .2 

32.4 

46.4 

55.8 

67.4 

83 

.8 

134.4 

..ve . 

18.9 

31.5 

45.1 

53.6 

63.2 

60 

.7 

113.1 

107 

37.0 

62.0 

94.2 

112.0 

142.0 

221 

.8 

354.0 

127 

36.2 

59.2 

85.2 

103.0 

121.2 

162 

Q 

279  .2 

147 

37.2 

65.0 

96.0 

116.8 

144.0 

197 

.0 

377.8 

Ave . 

36.8 

62.1 

91.8 

110.6 

135.7 

193 

.7 

337.0 

COLUMN  8992.6 
Unit  Deformation  on  Lateral  Gage  Lines 
Initial  Load  61  Ib./sq.in. 
Steel 


No. of  '_ 

Applied  Load- 

lb . pe  r 

s  Q  .  j.n . 

Gaffe  Line : 

yy  0 

1505  2010 

O  O  c; 

2900 

1 

0 . 5 

4  .U 

O  .  D 

/  .  D 

91  n 

*t«J  .  'J 

7?  '^ 

21 

8.0 

lo .  b 

<di  .  U 

OK  C. 

0 1  .  'J 

o  ^ .  o 

o  o  .  v 

41 

0  . 5 

0.0 

3  .0 

D  .  u 

1  n 
X  «j  .  u 

Ave . 

3  .0 

/  .  D 

10  .  -d 

lo . u 

Ol  "7 

CL  m  1 

oo  .  <2 

A  A  P 

3 

-1 .0 

1  .  O 

U  .  D 

ei  ,  v 

A  r> 
D  .u 

X<C  .  *J 

PA  D 

23 

-3  .0 

O  .  0 

o  f\ 
&  »U 

'Z  R 

1  n 
X  .  u 

o » V 

2  B 

45  

5 . 5 

-U  .  0 

O  c, 
<o  .  D 

1  .  ^ 

7  ^ 

14  5 

Ave . 

0 . 5 

i  .  O 

i  .  / 

.  0 

U  .  O 

7  ? 

1  4-  P 

X  rr  •  -w 

5 

2  .0 

4 . 5 

7.5 

y  .  u 

1  X  n 
xo  •  u 

PA 

25 

-2.5 

5.0 

5.5 

X  X  .  'J 

1  Pi 

xo » u 

14-0 

X^  .V 

26.0 

a .  5 

7.0 

11.0 

12.5 

13.5 

19  .5 

34.5 

Ave . 

2.7 

5.5 

8.0 

10.8 

13.2 

20.0 

35.5 

7 

O.C 

10.5 

20.0 

22.0 

37.5 

62.5 

106.5 

27 

8.0 

14.0 

21 .  6 

27^  ,0 

29  .0 

31.5 

67.0 

47 

7.5 

9.0 

13.5 

19.6 

17.0 

42  .5 

86.5 

Ave  . 

5.2 

11.2 

18.3 

21.3 

27.8 

45.5 

86.7 

22 

-0.5 

2  .0 

6.0 

6.5 

6.5 

10.5 

20.0 

23a 

2  .0 

6.5 

6.0 

9.0 

9.0 

4.5 

9.0 

24 

3.5 

4.5 

6.5 

7.0 

7.5 

4.5 

7.5 

26 

1 .0 

7.5 

12.5 

16.0 

21.5 

26.0 

46.0 

28 

5.0 

6.0 

l«i.O 

19  .0 

20.5 

24.0 

59  .5 

29 

9  .0 

9  .0 

19.0 

22.0 

22.0 

26.0 

60.5 

Cone re te 


021  -1.0  3.0  6.5         13.0  12.5  22.0  37.5 

023  -2.0  0.0  1.5          1.5  0.5  -2.5  1.0 

025  -0.5  5.0  6.5        13.0  18.0  16.5  28.0 

027  11,5  21.0       _21:.Q  25.0  29.0  39.0  96.0 


Deflection  in  inches 
East  0.01        0.05        0.09        0.10        0.13        0.22  0.57 


4 


\ 


COLUMN  8993.4 
Unit  Deformation  on  Longitudinal  Gage  Lines 

Steel 


No  .  of         :  Applied  Load-lb. per  sq.in.  

Gage  Line; 500  1000.  1400  1800        2095  2400  2695  2775 

201  15.2  23.2  47.4  58.4        80.0  99.0  13S.4  212.4 

221  18.4  34.4  49.5  69.8  85.2  104.8  159.8  335.4 
241             17.3  31.2  51.0         72.6  9  0 .0  116.8  220.4  556.0 

Ave.     16.9  29.6  49.3  66.9        85.1  106.9  170.5  294,6 

202  4.6  16.0  23.0  27.0         32.4  45.2  37.6  38.4 

222  4.2  12.8  16.8  29,6  31,4  40,8  38.8  30.6 
242  5.6  12.8  21.0  50.4        41.4  47,2  59.0  60,0 

Ave.       4.8  13.9  20.5  29.0        35,1  44.4  45,1  43  X. 

203  -2.2  -4.2  1.8  4.8           5.0  6.2  -20.6  -74.4 

223  6.0  5.6  3,4  6.2  6.2  3.6  -42.2  -36.2 
243  8,6  6,2  4.6  6,6  8.4  0.8  -30.6  -68.2 

Ave.       4.1  2.5  "  3,5  5. 9    "      6.5  3,5  -31.1  -59 .6 

204  2.2  1,2  10.6  9.2"          11,2  8.8  -18.0  -70.8 

224  7.0  7,6  7.6  12,0  15.0  6.4  -20.6  -136.8 
244  7.4  5,6  7.4  10.6          9,8  6.6   ^22 .2  56.0 

Ave .  5,5  4.8  8,5        10.6  12.0  7.4  -20'.3  -  87,9 

205  11.4  20,6"  30.4  40,0         48.2  57.8  77.4  123.8 

225  8.5  20.8  30,0  38.8  48.4  58.6  79.6  385.6 
245  7.8  16.6  26.8  38,2        46.8  59,4  91,2  116,6 

Ave.       9.2  19.4  29.1   39.0  45.9  58.6  82.7  208.7 

206  24.6  39.8  61.8  82.6      'l02.4  121.6  ~   173.2  320.8 

226  18. S  40,0  58.0  77.8  98,4  119.2  224,0  474,6 
246  14.2  37.2  57.6  82.0       101.4  116,6  262,0  420,8 

Ave.     19.2  59.0  59.1  80.3"    100.7'  119.2  219,7  405,4 

207  17.0  43,6  66.2  94.4      118.2  149.8  261.6  465.2 

227  25,2  47.6  76,0  85.0       131.4  158,6  308.4   

247  20,8  49.4  85.0  116.4       141.4  182.0  547,8  598 ,2_ 

Ave.       31.0  46.9  75.7  98.6       150.3  163, 5  305,9  551.7 

208  22,4  40,4  74.4  98.2       121.4'  153.2  255,2  444.8 

228  24.2  54,8  77.6  106.2  130.0  155.0  275.6  755,0 
248  23.4  46.2  80.0  106.8       155.4  163.2  340.2  546.8 

Ave.     25.5  47,8  77,3      103^7       128,3  157,1  289.7  575,5 


Concrete 

101             11,4  18.8  37.6  51.2           65,8  76.6  121,6  196.8 

121             11,4  28,4  55.6  72.6           62,2  75.6  115.4  230.6 

141  7.6  19.1  51.2  44.4  58.6  77.6  1 55.6  218,2 

Ave.     10.1  22.1  54.1  56,1          61.5  76  .J_  125 .5  215.2 

103             -0.4  -4.2  -1.0  1.6         -  5.4  -11.6  -  64.6  -179.0 

125              8.8  6.8  -1.0  2.6         -20.8  -  7.2  -100,2  -529,0 

143  5.6  5.0  -2.0  -1.2         -  5.4  -  9.4  -64.2  -165  ._4 

Ave .       4,7  1,9  -1.5         1.0  ^2  -  9.4  -  76.5  -225.8 

105            11.4  26.0  57.0  49.0           60.6  70.0  115.4  185.4 

125            15.2  28.2  59.0  47.8           61.6  77.6  127.6  64.6 

145  16.6  27 .2  57.0  54.8  64.4  65.4  145.6  206.2 

Ave.     14.4  27.1  57.7  50.5           62.2  70.5  129.6  151.4 

107            14.4  39.4  65.4  91.6         111.6  148.8  253.8  450.2 

127            21.4  52.0  82.4  110.6         157.8  177.2  557,8  954.0 

147  22 .6  40.6  72.0       99.8  125.0  162.6  511.6  527.6 

Ave,     19,5  44,0  73,5  100,7        124,1  162.9  507.7  657,5 


COLUMN  8993.4 
Unit  Deformation  on  Lateral  Gage  Lines 

Steel 


80 


No.  of        :  Applied  Load-lb  .per  sg.in. 


Grapie  Line 

:500 

1000 

1400 

1800 

2095 

2400 

2695 

2775 

1 

6 

.0 

9 

.0 

7 

.5 

5 

.0 

8 

.0 

14 

.5 

19 

.5 

55 

.0 

21 

0 

.0 

1 

.0 

-1 

.0 

-3 

.0 

1 

.0 

-2 

.5 

16 

.0 

71 

.0 

41 

1 

.5 

1 

.5 

1 

.5 

4 

.0 

1 

.5 

0 

.0 

11 

.5 

56 

.5 

Ave . 

2 

.5 

3 

.8 

2 

.7 

2 

.0 

3 

.5 

4 

.0 

15 

.7 

60 

.6 

3 

6 

.0 

6 

.5 

5 

.5 

1 

.5 

1 

.5 

1 

.5 

1 

.0 

15 

.5 

23 

-2 

.5 

1 

.5 

-3 

.5 

-8 

.5 

-4 

.5 

-8 

.5 

-3 

.0 

27 

.5 

43 

5 

.5 

5 

.5 

5 

.5 

5 

.5 

5 

.5 

5 

.5 

8 

.0 

30 

.5 

Ave . 

3 

.0 

4 

.5 

2 

.5 

-0 

.5 

0 

.8 

-0 

.5 

3 

.0 

24 

.5 

5 

8 

.5 

8 

.5 

5 

.0 

0 

.5 

3 

.5 

3 

.0 

10 

.5 

48 

.0 

25 

3 

.0 

4 

.0 

3 

.0 

3 

.0 

3 

.0 

3 

.5 

18 

.0 

43 

.0 

45 

1 

.5 

-5 

.0 

-5 

.5 

-3 

.  5 

-1 

.5 

-4 

.0 

13 

.5 

30 

.0 

Ave. 

4 

.3 

2 

.5 

0 

.8 

0 

.0 

1 

.7 

0 

.6 

14 

.0 

40 

.3 

7 

4 

.0 

6 

.0 

2 

.5 

5 

.0 

13 

.5 

16 

.0 

32 

.5 

70 

.0 

27 

-3 

.5 

1 

.5 

0 

.5 

-3 

.0 

-1 

.0 

-0 

.5 

31 

.0 

105 

.5 

a7 

1 

.5 

0 

.0 

0 

.5 

5 

.5 

6 

.5 

6 

.5 

52 

.0 

94 

.5 

Ave  . 

0 

.7 

2 

.5 

1 

.2 

2 

.5 

6 

.3 

7 

.3 

38 

.5 

90 

.0 

22 

2 

.5 

1 

.5 

3 

.5 

-6 

.0 

-2 

.0 

-2 

.0 

4 

.0 

30 

.5 

22a 

3 

.0 

6 

.5 

3 

.5 

-D 

.0 

-2 

.0 

-2 

.0 

4 

.0 

30 

.5 

24 

0 

.0 

0 

.0 

0 

.5 

0 

.0 

-2 

.0 

-4 

.5 

5 

.5 

38 

.0 

26 

1 

.0 

3 

.0 

5 

.0 

2 

.5 

2 

.0 

2 

.5 

27 

.5 

76 

.0 

26a 

2 

.0 

10 

.0 

10 

.0 

5 

.0 

7 

.5 

12 

.0 

47 

.0 

104 

.5 

28 

-1 

.5 

-2 

.5 

-2 

.0 

8 

.0 

8 

.5 

12 

.5 

36 

.5 

104 

.0 

Concrete 


021 

-1.5 

2.0 

2.0 

0.0 

2.0 

2.5 

24.0 

99.0 

023 

-1.0 

1.0 

-1.0 

-6.5 

-2  .  5 

-7.5 

0.0 

24.0 

025 

17.0 

-1.0 

0.0 

-2.0 

-2.5 

-1.0 

17.5 

69.0 

027 

1.0 

3.5 

3.0 

7.0 

10.0 

17.5 

49  .0 

148.0 

East 


Deflection  in  inches 
0.00       0.02       0.06       0.10       0.14       0.16       0.36  0.97 


COLUMN  8993.5 

Unit  Deformation  on  Longitudinal  Gage  Lines  81 
Initial  Load  49  Ib./sq.in. 
Steel 


Nn  -  nf 

Applied 

Load- 

lb 

per  sq 

.  in 

• 

:1005 

1750 

2010 

2255 

2515 

2930 
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201 

w  -I- 

30 

65 

.0 

75 

0 
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.  D 
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XXV/ 

2 
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COLUMN  8993.6 
Unit  Deformation  on  Longitudinal  Gage  Lines 
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-3  .0 

3.0 

19.5 

28.5 

Ave . 

0.5 

1  7 

3  8 

1  -  3 

4.7 

15,5 

22.5 

r» 
/ 

0.5 

1.0 

6.0 

10.0 

8 . 5 

19.5 

36.5 

51.5 

27 

7.0 

6.0 

8.0 

11 .5 

11 . 5 

15.0 

35.0 

69  .5 

47 

5.0 

5.0 

14.6 

18.5 

15  0 

23.5 

53.0 

73.0 

Ave . 

4.2 

4.0 

9  .  5 

13.7 

11    7  ■ 

19  .3 

41.5 

64.7 

22 

0.5 

0.5 

4.0 

4.5 

1.5 

4.5 

11 .0 

25.0 

24 

CO 

-0.5 

-0.5 

1.0 

0.0 

0.5 

0.5 

13.0 

24a 

-0.5 

1  s 
i. » \i 

3.5 

6.5 

2.0 

3.5 

7.0 

13.5 

26 

3.0 

5.5 

2.0 

8.0 

4.0 

7.5 

18.5 

31.5 

26a 

2.5 

4.0 

4.5 

9.5 

7  .0 

11  .0 

22.5 

45.0 

28 

-0.5 

3.5 

6.0 

_iq._5  

5 . 0 

9.5 

27.0 

46.5 

Concrete 

021 

1.0 

4.5 

2.5 

7.5 

7.0 

13.5 

25.0 

35.5 

023 

1.0 

1.0 

3.0 

4.5 

0.0 

1.0 

10.0 

19  .5 

025 

1.5 

3.5 

1.0 

6.0 

7.0 

6.5 

19  .5 

32  .0 

027 

00.5 

0.5 

-1.0 

4.0 

2  .0 

6.5 

14.5 

40  .5 

Deflection  in 

inches 

East 

0.06 

0.08 

0.10 

0.13 

0.16 

0.17 

0.35 

0.65 
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d9S7-/ 
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d983-i 
&966'5 
3936 

3939 

3939-5 
3939-6 

/l\7. 
3990--I 
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^  399 /-Z 

3991-  3 

Av,  • 
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Ak  • 
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Ult.  UltLmd. 
Load.  noA/c£A/. 

/n/IX. 
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(yO/-. 

No. 

/A 
3/Z300 

Z03S 
Z7(>7 

a 

(p.pers&.j/?. 
3790 

.S3  9 

.533 

.43 

3966-4 

3630 

.43 

3936-5 

\3Z/.  100 

Z753 

39/0 

.35 

3936-6 
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.73/ 
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/\/0N£ 
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Z763 
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M.  •  //5.9  /JO/ 

mi- 1         "  />^<^^  //3./  .385  .//i>4  Z.45Z 
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k  •  ZB^6} 
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k.  •  /075 
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.7385  5.Z75  /Z/3///S  3/Z//6> 
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66 

65 

6/ 
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6Z 
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^/ 
53 
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66 
63 
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63 
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66 
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63 

^3 
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/67^ 

Z445 
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/743 

/5/0 

/633 

/94S 

/330 
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3^570,000     /.5      Z35MO    Z035  37^0 

4,350,000     /.O     3/7800   Z7(>7  3630 

3,450,000     /O     3Z//00    Z753  37/0 

Z760  3777 

4,370,000    /.5     Z77,ZOO  Z34d  /\/oa/£ 

5,560,000     /.O     39/,/ 00   3Z38  Jo. 

5,QQ0,0OO     /.O      330,400  Z763  Jo. 

3000 

4.450,000  /.5  376,900  3Z40 
4400,000  /.O  416.000  3570 
Z,67aoOO     /.O     378.Z00  3Z66 

34/3 

5,560.000  /5  374,700  3/33 
4.450,000  /.O  470,000  3<?ZO 
Z,70 0.000     /.O     410,400  3474 
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3.340,000  /.5  ZZ/.fOO  /90e 
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3.7/0.000      /.O    354500  Z969  5030 

Z,940,000      1.0     360,300  SO//  5050 

Z990  4930 


£r.r.FA/  Tf?tr. 
.539  .533 


73/  .636 
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.43 

.55 
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.57 
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33 
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.49 
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.66 

/.O/ 
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.5/ 

.98 
/.05 
.94 

.76 
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.57 

.97 
.69 
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6.    Analysis  of  Data;      The  question  of  the  area  of  the  column 
that  shall  be  used  in  computing  the  unit  stresses  is  an  important 
one, especially  when  there  is  a  large  amount  of  concrete  on  the  out- 
side of  1the  spiral.    The . columns, however , in  this  series  of  tests  had 
little  concrete  outside  the  spiral.    After  observing  the  action  of 
these  columns  during  the  test, and  taking  into  account  the  amount  of 
concrete  on  the  outside  of  the  spiral , amount  of  concrete  spalled  off 
the  action  of  the  column, and  the  general  condition  of  the  column 
after  testing, it  was  decided  that  the  diameter  out  to  out  of  spiral 
would  give  results    more  consistent    with  the  actual  condition  of 
the  column.     Accordingly , all  of  the  unit  loads  are  computed  on  the 
basis  of  a  diameter  out  to  out  of  spiral. 

When  the  load  was  brought  up  to  the  required  point  and  the 
testing  machine  stopped  the  load  immediately  began  to  fall  off. 
This  is  due  to  an  adjustment  of  the  material  under  load  and  is  a 
characteristic  of  all  plastic  materials.     In  these  tests  the  load 
was  brought  up  to  the  required  point  with  the  machine  at  full  speed  | 
and  when  the  required  load  was  reached  the  machine  was  stopped  at 
once.     In  this  way  the  amount  of    falling  off  of  the  load  during  the 
brief  interval  of  time  required  to  stop  the  machine  was  balanced 
by  the  load  applied  during  that  time.    Thus  when  the  machine  had 
stopped, the  desired  load  was  upon  the  column.    After  a  few  seconds 
the  load  began  to  fall  off , slowly  at  the  lower  loads  and  more  rapid- 
ly as  the  loads  increased, and  continued  to  do  so  during  the  time  the 
readings  were  being  taken.    But  the  load  on  the  column  at  the  time 
the  machine  was  stopped  is  the  one  that  is  used  here. 

Before  taking  up  the  discussion  of  the  data  and  the  results  of 
the  tests  it  seems  advisable  to  call  attention  to  the  significance 
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of  eccentric  loading.     The  condition  is  not  commonly  met  in  practice 
in  just  the  same  way  that  it  is  in  a  test.     In  a  test  the  load  is 
placed  at  a  certain  distance  from  the  center  of  the  column  and  this 
distance  can  be  measured  with  a  relatively  high  degree  of  accuracy. 
This  is  not  usually  the  case  in  a  building, though  under  some  condi- 
tions, such  as  a  heavy  girder  framing  into  one  side  of  the  column, the 
amount  of  eccentricity  may  be  estimated  rather  closely.    The  essentia 
element  of  eccentric  loading  is  that  there  is  a  bending  moment  devel- 
oped and  this  is  usually  brought  about  through  a  bending  of  the  col- 
umn.     It  is  not  necessary  that  the  bending  be  perceptible^  for  bending | 
stresses  may  be  present  before  the  actual  bending  of  the  column  takes 
place.     It  may  be  said  in  general  that  when  there  is  a  bending  moment 
developed  in  a  column  that  there  are  two  points  of  inflection, at  whic 
points  the  bending  moment  will  be  zero.    The  location  of  these  points 
of  inflection  will  depend  upon  the  amount  of  restraint  of  the  column 
at  the  top  and  bottom.     Such  a  column  to  the  columns  tested  in  this 
series.    That  part  of  the  column  between  the  points  of  inflection 
'1  will  be  under  an  eccentric  load.    The  only  difference  between  such  a 
column  and  those  tested  will  be  that  in  the  former  the  amount  of  ec- 

i  centric ity  vrill  be  unkno^vn. 

i 

In  making  a  comparison  between  the  values  for  the  columns  m 
: this  series  of  tests  and  those  of  columns  loaded  concentrically  it 
should  be  borne  in  mind  that  the  columns  loaded  concentrically  usua- 
lly approach  the  condition  of  fixed-ended  columns  whil^  those  loaded  j 
eccentrically  have  hinged  ends.     The  comparison, therefore , is  not  be-  \ 
tween  columns  of  similar  length  but  between  fixed-ended  columns  load- 
ed  loaded  concentrically  and  columns  with  hinged  ends  loaded  eccentri- 
^cally.    V.herever  the  element  of  length  enters  into  the  comparison  itj 
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must  be  taken  into  consideration  that  a  5-ft.  column  with  hinged 
ends  is  equivalent  to  one  6  or  7  ft. in  length  with  fixed  ends, and  a 
10-rt  column  with  hinged  ends  is  equivalent  to  one  about  13  ft. in 
length  with  fixed  ends. 

In  the  discussion  that  follows, the  expression  f  r  p/a(1  fec/r^| 
is  used.     In  this,?  is  the  total  load  upon  the  column, A  is  the  area  j 
of  the  column, £  is  the  initial  measured  eccentricity ,£  is  the  dis- 
tance from  the  neutral  axis  to  the  fibre  considered, and  r  is  the 
least  radius  of  gyration  of  the  column. 

Action  of  Column  during  the  Test;      During  the  application  of 
the  first  few  loads  there  was  no  difference  in  the  action  of  the 
eccentrically  loaded  column  from  that  of  one  loaded  concentrically, 
except  in  the  amount  and  distribution  of  the  longitudinal  deforma-  j 
tion  at  the  different  points.    With  the  l-l/2-in. eccentricity  there 
was  practically  no  deformation  on  the  east  side  of  the  column, while 
with  the  1-in.  eccentricity  there  was  a  small  amount  of  deformation. 
The  deformations  on  the  west  side  were  as  uniform  throughout  the 
length  as  could  be  expected.    When  the  longitudinal  steel  had  reach 
ed  its  yield  point, however, the  action  changed  rapidly.    The  east 
side  began  to  show  considerable  tension  and  horizontal  cracks  ap- 
peared at  the  center, usually  over  the  spiral.  The  rate  of  bending 
of  the  column  now  began  to  increase  markedly  and  the  rate  at  which 
the  column  took  load, with  the  same  speed  of  the  testing  machine, 
began  to  decrease.    The  horizontal  cracks  increased  in  number  and 
;     size  and  progressed  both  ways  from  the  middle  of  the  column.  The 
I     character  of  the  failure  of  an  eccentrically  loaded  column  is  quite 

different  from  that  of  a  concentrically  loaded  coliimn.    With  the 
;     concentrically  loaded  col^amn  the  failure  is^slow  and  the  cloumn  | 
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may  be  said  to  be  "tough".    With  the  eccentrically  loaded  column 

there  is  a  well  defined  point  in  the  test  at  which  a  sudden  change 

in  the  action  of  the  column  seems  to  occur.    After  this  point  has 

been  reached  the    f inal . failure  is  rapid. 

Effect  of  Amount  of  Spiral;  The  effect  of  spiral  upon  the  | 

ultimate  strength  of  a  column  loaded  concentrically  is  dependent 

upon  the  amount  of  spiral  in  the  column.    The  failure  of  such  a  col-| 

umn  is  due  either  to  a  failure  of  the  spiral  or  to  a  bending  of  the 

•column.    When  bending  occurs  it  is  seldom  possible  to  develop  the  | 

full  strength  of  the  spiral.    Bending  begins  at  an  early  stage  of 

the  test  when  a  column  is  eccentrically  loaded  and  it  is  this  ele-  i 

ment  that  causes  final  failure.  | 

The  property  that  is  most  effective  in  increasing  the  resist-  || 

ance  of  a  column  under  eccentric  load  is  stiffness.    The  amount  of  |, 

a  large  amount  of  spira|fl. 
spiral  has  little  effect  upon  the  stiffness  and  therefore/would  not  | 

be  expected  to  increase  materially  the  resistance  of  a  column  over  j 

that  with  a  smaller  amount.    Prom  the  curves  of  spiral  deformation  jj 

on  pages  115  to  147  it  will  be  seen  that  in  the  5-ft. lengths, with  [ 

<i 

a  l-l/2-in.eccentricity ,the  the  stress  developed  in  the  spiral  aras  % 
\     low, not  reaching  the  elastic  limit  with  the  columns  having  2.2^  | 
spiral, but  with  the  1-in. eccentricity  the  stress  in  the  spiral 

[  •  ! 

! reached  a  high  value  for  all  the  5-ft .  columns .     V/ith  the  10-ft.  j 
length  no  relation  between  the  stress  in  the  spiral  and  the  amount 
^1     of  eccentricity  was  apparent.    The  columns  with  the  1.1^  of  spiral 
|j     show  a  slightly  greater  stress  than  those  with  2.2^  but  on  the  j 
'!     whole  there  is  very  little  difference  between  the  stress  developed  . 

1:', 

With  any  of  the  different  combinations  of  reinforcement  and  eccen- 
\  tricity.     
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The  general  result  curves  for  effect  of  spiral  are  shown  on 
page  248  .    For  the  5-ft. length  the  increases  due  to  1%  of  spiral 
with  2,1%  and  5.4  %  of  longitudinal  reinforcement  are  213  and  62  lb. 
per  sq.  in. respectively .    With  the  10-ft. length  the  effect  of  the 
spiral  is  so  small  that  it  is  proper  to  take  an  average  for  all  the 
columns.    This  average  is  a  horizontal  line, showing  that  with  an 
eccentricity  of  1  in.  or  I-1/2  in.  and  a  10-ft  .column,  an  amount  of 
spiral  above  1.1  %  has  no  effect  in  increasing  the  ultimate  strength 
of  the  column.    A  comparison  of  the  curves  shows  that  they  are  near- 
ly parallel  but  that  there  is  a  tendency    for  the  spiral  to  increase 
the  ultimate  strength  of  the  column  with  the  1- in. eccentricity  over 
that  with  the  l-l/2-in. eccentricity .    From  the  small  amount  of  stress 
developed  in  the  spiral  in  the  10-ft. length  it  would  seem  that  less 

than  1.1^  would  give  as  great  an  ultimate  strength  as  higher  percent] 

i 

ages.  Just  what  the  lower  limit  of  the  spiral  would  be  cannot, of  | 
course, be  determined  from  the  data  at  hand, but  it  is  possible  that  || 

0.7  to  0.8  %  would  give  as  good  results  as  higher  perccentages .  |i 

I' 

i  Distribution  of  Spiral  Deformation  Around  Coliimn;      The  curves | 

showing  the  deformation  of  the  spiral  around  the  circumference  of  ! 
the  column  at  the  center  are  shown  on  pages  107  to  114.     In  these 
curves  the  deformations  for  the  lower  loads  were  so  small  that  they 
would  give  no  information  as  to  the  distribution  and  they^^ere  omit- 

ted.  I 

^  A  consideration  of  the  spiral  deformation  curves  shows  that  a  j 

very  high  bond  stress  was  developed.    This  may  be  seen  by  consider- 

change  of 

ing  column  8990.  4?"  By  taking  an  average  slope  of  the  curve  the/de- 
formation per  unit  of  length  is  found  to  be  0.00094  which  would 

change  of  •  \ 

correspond  to  a/^stress  of  28  000  lb. per  sq.  in.     Since  the  spiral  ^ 
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is  1/4  in. in  diameter  it  would  give  a  bond  stress  of  about  1600  lb. 
per  sq.in.     This  of  course  does  not  take  into  account  the  effect  of 
the  spiral  being  coiled  around  the  column.    The  coiling  of  the  spi^ 
ral  introduces  an  element  of  friction  that  would  make  the  bond  re- 
sistance greater.    But  even  after  an  allowance  is  made  for  this  ac- 
tion there  must  still  be  a  very  high  bond  stress.     It  is  not  clear  \ 
just  wh£.t  effect  a  bond  failure  of  the  spiral  would  have  upon  the 
ultimate  strength  of  the  column  but  it  would  seem  that  the  strength 
would  be  decreased.  | 
Effect  of  Longitudinal  Reinforcement;        In  a  column  under  an  | 
eccentric  load  two  important  factors  are  the  moment  of  inertia  and 
the  modulus  of  elasticity , because  these  affect  the  stiffness  of  the 
column.    The  total  moment  of  inertia  in  these  columns  varies  from 
1600  to  2400, depending  upon  the  amount  of  longitudinal  reinforce-  | 
ment,and  the  average  value  for  the  modulus  of  elasticity  would  be 
increased  by  any  increase  in  the  amount  of  longitudinal  reinforce-  | 
ment.     It  might  be  expected  that  the  amount  of  longitudinal  rein- 
forcement would  exert  a  considerable  influence  upon  the  strength  of 
the  columns  whenever  there  is  a  bending  moment  to  be  resisted.  For 
the  5-ft  .length^^ith  1.1^  spiral,  the  increase  in  ultimate  strength 
from  2.1^  to  5.4^  longitudinal  reinforcement  is  283  lb. per  sq.in. 
for  each  additional  1  ^  of  longitudinal , or  an  increase  of  11.8^  of 
1    the  strength  of  the  column  with  2.1,^  longitudinal.    For  the  2.2,^ 
^     spiral  the  increase  is  224  lb. per  sq.in. for  each  additional  1%  of 
longitudinal, or  8.4  %  of  the  strength  of  the  column  with  2.1  % 
longitudinal.    With  the  10-ft  length  the  increase  in  strength  due 
to  the  increase  in  the  amount  of  spiral  is  zero  so  that  the  values 
J    for  all  the  columns  having  the  same  percentage  of  longitudinal  may 
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be  averaged;     the  increase  in  strength  is  223  lb. per  sq.in.for  each 
additional  1%  of  longitudinal, or  10.6^  of  the  strength  of  the  columns 
having  2.1^  longitudinal.    The  general  result  curves  showing  the 
effect  of  the  different  amounts  of  longitudinal  are  on  page  251. 

Slipping  of  Longitudinal  Bars:        By  reference  to  the  curves 
on  pages    115  to  147  it  will  be  seen  that  in  some  of  the  columns 
there  was  a  considerable  amount  of  tension  developed  in  the  longitu- 
dinal rods  at  the  ultimate  load, or  even  before  the  ultimate  load  had 
been  reached.     In  many  of  the  columns  this  tension  was  so  great  as 
to  exceed  the  elastic  limit  of  the  steel. 

With  the  11 /2-in. eccentricity  , in  the  5-ft . columns , the  rods  on | 
the  east  side  of  the  column  did  not  have  as  much  tensile  deformation 
at  the  ultimate  load  as  those  with  the  1-ln. eccentricity .    This  can 
be  accounted  for  by  the  fact  that  at  the  ultimate  load  the  rods  in 
the  5-ft. columns  tested  with  the  ll/2-in. eccentricity  had  slipped 
considerably  at  the  top  and  bottom.     In  some  cases  this  slip  was  as  | 
much  as  l/S  in.    With  the  5-ft. columns  tested  with  a  1-in.  eccen-  [ 
tricity  there  was  very  little  slipping  of  the  rods.    With  the  10-ft. 
columns  there  was  hardly  any  slipping  with  either  of  the  eccentri-  j 
cities  used.     In  some  cases, with  the  5-ft .columns , the  slipping  was  •  | 

\ 

I    just  perceptible  and  in  some  others  none  could  be  detected.  The 

it 
only  difference  accompanyiny  the  variation  in  eccentricity  that  was  [| 
i  j 
observed, besides  that  of  slipping  of  bars, was  that  with  the  greater 

eccentricity  the  rods  on  the  east  side  of  the  column  had  practically 

no  stress  until  the  rate  of  bending  changed  markedly  after  which 

'    they  were  in  tension, while  with  the  smaller  eccentricity  these  rods 

were  in  slight  compression  until  the  rate  of  bending  changed, after 

which  they  were  in  tension.    This  marked  change  in  the  rate  of  j 
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bending  occurred  at  the  same  compressive  unit-deformation  in  all  of 
the  columns.    At  the  time  when  this  occurred  horizontal  tension 
cracks  began  to  appear  at  the  middle  of  the  column  on  the  east  side. 
It  is  evident  that  there  must  have  been  a  local  bond  failure  where 
these  cracks  formed  and  that  this  bond  failure  progressed  in  the 
same  way  as  the  cracks.    That  there  must  have  been  some  difference 
in  the  action  of  the  columns  tested  with  the  different  amounts  of 
eccentricityseems  evident  but  the  reason  for  the  difference  is  not 
apparent.        (  A  photograph  was  taken  showing  this  slip  but  the 
plate  was  spoiled  so  that  the  appearance  of  the  rods  after  slipping 
cannot  be  shown.) 

Effect  of  Length:       The  length  of  a  column  has  a  considerable 
effect  upon  the  amount  of  the  maximum  load  that  it  will  carry.  The 
numerical  value  of  this  effect  has  not  yet  been  determined, even 
with  columns  loaded  concentrically , but  will  vary  according  to  the 
length  and  the  character  and  amount  of  reinforcement.    On  page254 
are  curves  that  show  the  relation  between  length  and  ultimate  load 
with  reference  to  the  different  variables.     In  Table  VII  are  given 
some  of  these  relations  expressed  as  percentages , and  also  a  compar- 
ison of  these  with  those  from  similar  columns  loaded  concentrically^ 

The  values  in  Table  VII, page  255, show  that  with  5.4  ^  long- 
itudinal reinforcement, under  an  eccentric  load, the  effect  of  length 
is  independent  of the  percentage  of  spiral:  this  is  also  true  in  a 
general  way  for  concentric  loading.    With  2.1,^  longitudinal  rein- 
forcement the  effect  of  length  is  influenced  by  the  percentage  of 
spiral,.the  decrease  in  the  strength  of  a  10-ft. column  with  respect 
to  a  5-ft.  coliimn  being  greater  with  the  greater  percentage  of  spi- 
ral.   A  similar  comparison  cannot  be  made  with  concentric  loading 
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because  only  one  combination  of  reinforcement  was  tested. 

The  conclusion  from  these  results  would  be  that  with  the  high 

percentages  of  longitudinal  reinforcement  the  percentage  of  spiral 

had  little  influence  upon  the  ratio  between  the  ultimate  strengths 

for  the  different  lengths, but  with  a  low  percentage  of  longitudinal 

reinforcement  the  spiral  had  some  influence.  The  effect  of  the  high 

percentage  of  spiral  with  a  low  percentage  of  longitudinal  would  be 

to  increase  the  strength  of  the  5-ft. column  without  any  corresponding 

difference  between 
increase  in  the  strength  of  the  10-ft . column, thus  making  the/ultimate 

strength  for  the  two  lengths  greater  with  the  high  percentage  of  spi- 
ral . 

From  Table  VII  it  is  seen  that  for  the  higher  percentage  of 
longitudinal  reinforcement , the  average  excess  of  strength  for  the 

i  5-f  t  .oolmns  over  that  for  the  10-ft  .columns  is  5.9%  greater  for  the 
eccentrically  loaded  column  than  for  the  concentrically  loaded  column 

'  These  results  indicate  that  with  the  concentric  load  the  ratio  of  the 
effectiveness  of  the  spiral , between  the  5-ft.and  10-ft .lengths  is 
greater  than  under  the  eccentric  load.|see  Table  VII )♦ 


TABLE  VII 

Effect  of  Length  upon  Ultimate  Strength. 


Percentage 
Reinforcement 

Decrease  in  ultimate  strength  of  10-ft. 
columns, in  per  cent  of  the  strength  of 
a  5-ft. column  with  the  same  combination 
of  reinforcement. 

Spiral 

Long . 

Concentric  Loading    Eccentric  Loading 

1.1 

2.1 

7.0  12,0 

2.2 

2.1 

;  24.3 

1.1 

5.4 

19.7  f     .  15.8 

2.2 

5.4 

23.4  1  15.5 

Bending  of  Columns;     In  some  of  the  columns  there  is  a  slight 
deflection  from  the  beginnir^g  of  the  test  which  increases  at  a 
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uniform  rats  but  which  does  not  exceed  0.20  in.  in  any  case.  This 
bending, apparently , has  little  effect  upon  the  action  or  strength  of 
the  column.     The  important  -is  that  at  which  the  rate  of  bending 
changes  markedly.    When  the  rate  of  bending  changes  the  compressive 

deformations  on  the  west  side  of  the  column  are  greatly  increased  | 

f 

and  on  the  east  side  they  change  to  tension.    At  first, the  change  i 
.   in  the  rate  of  bending  has  little  effect  upon  the  increase  in  de- 
formation; it  is, rather, a  manifestation  of  some  change  taking  place.! 
Since  this  change  in  the  bending  occurs  at  a  deformation  slightly 
above  the  yield  point  of  the  longitudinal  reinforcement , and  at  a 
value  that  might  be  called  the  yield  point  of  the  concrete,  it 
would  seem  that  the  change  in  the  action  of  the  column  is  due  to  the 
change  in  the  modulus  of  elasticity  of  the  column  and  the  consequent 

rapid  shifting  of  the  center  of  gravity  of  the  resisting  forces. 

curves 

An  examination  of  the  bending/plotted  with  average  curves . for  i 
longitudinal  deformation , shows  that  for  the  various  columns  the 

I 

.    amount  of  bending  changes  rather  suddenly  at  about  the  same  deforma- 
!        tion  of t he  rods  carying  the  greatest  stress, those  on  the  west  side, 
section  D.    The  longitudinal  curves  also  show  that  the  stress  in  the; 
rods  at  section  A, east  side, changes  from  compression  to  tension, or 
in  the  direction  of  tension, at  the  same  load  that  the  bending 
changes;  in  other  words, the  various  actions  take  place  at  the  same  ; 
^    load.     It  is  also  evident  that  these  changes  in  the  rate  of  bending 

I 

and  change  from  compression  to  tension  occur  at  a  unit-deformation  | 
which  is  nearly  the  same  in  all  of  the  columns  without  reference  to 
the  combination  of  reinforcement. 

Table  VIII  ,pageJ^57 , gives  the  different  values  for  load  and 
longitudinal  deformation  of  steel  at  which  the  lending  and  tensi 
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TABLE  VIII 

Unit- 
Loads  and  Deformations  at  Yield  Point 


Deformations  are  g/. yen  in  units  of  0.0001 


Column  : 

Change 

in  rate 

:  Change 

from  ' 

Max . 

I\  d.  L>  J.  U 

vjx    x'Jcivj.  a  u 

No .  : 

of  bending 

:  comp.to 

ten .  I 

Load  • 

Vl  O  >^  fT  ill 

Load 

:  Def. 

;     Load  : 

Dei  .  : 

jjei  X  . 

•          £i  o 

8986 .4 

1500 

18.0 

IcOO 

TO  r\ 
lo  .  U 

<cUO  D 

.  /  oo 

.  /  o  o 

8986.5 

2000 

15.5 

r\  r\  r\ 

2000 

lo .  O 

c  f  O  1 

.  / 

7PP 

8986.6 

2000 

15.5 

2000 

15  .  0 

VOW 
.  /  oO 

7PP 
.  /  o  O 

Ave  . 

.   /  OI7 

7PQ 

8987 .1 

1250 

9.5 

loOO 

lo  •  o 

»  DO  O 

8987.2 

2000 

14.5 

2000 

14 . 5 

•7  O  Q 

.  oXo 

A1  P 
.  ox o 

8987 .3 

1750 

13.0 

1750 

Lo  .U 

o  r7  (5 
<0  r  OtJ 

•  DO  '± 

.  DO  Tt 

Ave . 

.  DOU 

8988 .4 

2700 

16.5 

2700 

Id  .  D 

.  OOO 

»  OOO 

8988.5 

2750 

15.0 

2750 

15.0 

<50  ( 0 

.  /  /X 

771 
.  f  /  X 

^8988.6  

_^^00_ 

14.5 

2500 

14. 5 

.  /  Oft 

7  A  A 

Ave . 

.  /  oy 

7PQ 

.  /  oy 

8989  .4 

2400" 

~'T6.T" 

2400  ^ 

16.5 

oioo 

"7  A'7 
.  /  D  < 

7  A7 

8989  .5 

3000 

22.5 

2750 

15.  5 

3920 

.765 

8989.6 

2500 

14.5 

2500 

14.5 

3474 

•70  1 

.  /oX 

Ave  . 

"7 

.  /  OX 

t  1  0\J  ^^^^ 

8990.4 

1500 

11.5 

1500 

i  i  .  O 

1  Q  QQ 

"7 

.  (  Oft 

7  ISA 

.  1  Orx 

8990.5 

2000 

16.0 

1750 

11.0 

O  O  "7  n 

.  ooX 

77P 

.  /   f  o 

8990.6 

2000 

17.0 

1750 

11  ♦  5 

<i244 

.  oy  U 

7  7Q 

« /  /y 

Ave . 

PAP 

6991 .1 

lU .  U 

loou 

JL  0  .  U 

71  Q 
•  f  Xt7 

8991.2 

2000 

14.0 

17dO 

iU  .  0 

Q     G  A 

PAH 

7"^  •=] 
.  f  o  o 

1750 

12.5 

1750 

12  .5 

2115 

.828 

.828 

Ave  . 

.796 

.798 

8992.4 

2400 

14.5 

"14  .T" 

2717 

.884 

.884 

8992.5 

2600 

15.5 

2600 

15.5 

2885 

.902 

.902 

8992.6 

2500 

14.5 

2500 

14.5 

2898 

.862 

.862 

Ave  . 

.883 

.883 

8993.4 

2400 

16.0 

2400 

16.0 

2775 

.365 

.865 

8993.5 

2525 

14.5 

2525 

14.5 

2969 

.851 

.851 

8993.6 

2725 

17.5 

2725 

17.5 

3011 

.906 

.906 

Ave . 

.874 

.874 

I 


258 

begin.     It  .will  be  seen  that  where  there  is  any  variation  in  the  two^ 
sometimes  one  and  sometimes  the  other  is  the  higher, and  in  all  cases 
the  two  might  be  taken  to  he  l^t  the  same  load  without  material  error. 
Taking  an  average  of  all  the  values, the  unit-deformation  at  which 
the  bending  changes  is  0.0015  and  that  at  which  tension  begins  is 
0.00145.    These  values  are  sufficiently  close  to  be  considered  as  th 
same . 

Considering  t he  load  at  which  the  bending  changes  markedly, and p 
the  ratiobf  this  load  to  the  maximum  load  carried  by  the  column,  it  ^1 

will  be  seen  that, with  the  exception  of  one  set  of  columns  (  5  f t .  | 

f 

long  2,'d%  spiral,  5.4%  longitudinal) ,  there  is  as  close  an  agreement 
between  them  as  could  be  expected.     The  difference  between  these 
ratios  for  the  columjis  in  each  set  is  small , showing  that  similar  col4 
umns  acted  alike.     There  is  no  apparent  relation  between  the  load  at  | 

i 

r  I 

which  bending  increases  and  the  amount  of  eccentricity.      The  avenge  ; 

value  of  this  ratio  for  all  the  5-ft. columns  is  about  0.72  and  for  > 

I 

I  the  10-ft .columns  it  is  about  0.84, while  the  average  for  all  of  the  | 
columns  is  0.78.      These  values  indicate  that  after  the  rate  of  bend-f 
ing  changes  markedly  the  10-ft.  columns  fail  more  rapidly  than  the 
5-ft .columns .    This  corresponds  to  the  observed  action  of  the  col  - 
umns  during  the  test, as  mentioned  under  "Action  of  Column  during 
Test".     It  is  also  clearly  shown  that  in  the  5-ft. and  10-ft .lengths 
with  2.1  ^  longitudinal  reinforcement, the  columns  having  the  2.2^ 
spiral  began  bending  at  a  lower  load( lower  in  proportion  to  the  max- 
imum load)  than  those  having  a  1.1^^  spiral.    The  explanation  of  this 
would  be  that  with  2.1,^  longitudinal  reinforcement  while  the  increas 
in  the  percentage  of  spiral  has  no  effect  upon  the  load  at  which 
bending  begins, since  it  increases  the  ultimate  strength  of  the  col 
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j the  ratio  is  thereby  lowered. 

Observation  of  the  action  of  the  coliimns  during  the  test  led  to 
the  conclusion  that  the  critical  point  in  the  strength  of  the  columns 
was  the  yield  point  of  the  longitudinal  reinforcement.     It  was  thought 
that  immediately  after  the  yield  point  of  the  steel  had  been  reached 
the  failure  of  the  steel  allowed  bending  to  take  place  and  the  ulti- 
mate  strength  was  soon  reached.     Since  the  compression  tests  of  the 
steel  gave  a  yield  point  of  about  39  000  lb.  per  sq.in.,or  a  deforma- 
tion of  0.0013, and  the  actual  deformation  at  which  the  change  occurred 
was  0.0015  there    appeared  to  be  a  slight  discrepancy.     In  spite  of 
this  difference  it  is  believed  that  the  yielding  of  the  steel  is  the 
critical  point  and  that  delay  of  the  sudden  change  is  due  to  a  distri-; 
bution  of  the  stress  through  the  concrete  and  to  the  other  longitu- 
dinal rods.     The  amount  of  stress  that  can  be  distributed  in  this  way 
is  of  course  not  large  and  the  uniform  deformation  can  continue  for 
only  a  short  distance  beyond  the  yield  point  of  the  steel. 

1  Distribution  of  Stress  in  a  Vertical  Plane:        The  distribution 

of  stress  throughout  the  length  of  the  longitudinal  rods  may  be  an 
important  factor  in  the  strength  of  a  column, especially  one  loaded 
eccentrically.     It  would  appear  that  any  bending  of  the  column  would  [ 

) increase  the  stress  in  the  central  part  over  that  at  the  ends.  Such, 

1 

however, does  not  appear  to  be  the  case.    An  examination  of  the  curves 
"Distribution  Curves  for  Deformation  of  Steel", page  148  to  211, will 
show  that  the  stress  in  the  longitudinal    rods  is  uniform  up  to  a 
unit-deformation  of  about  0.0015.    After  this  deformation  has  been 
reached  the  increase  is  not. uniform.     In  some  columns  it  continues 
uniform  to  a  higher  deformation  but  in  general  this  is  the  critical 
I  point.    There  are  three  exceptions  to    the  general  statement;    f 


r 
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columns  No. 8986. 4,  8986.6,  8987.1, all  of  which  have  only^.l^  long- 
itudinal reinforcement , show  a  change  in  the  distribution 
before  this  deformation  has  been  reached.    But  even  including  these 
three  columns , the  general  statement  would  hold, that  the  critical 
point  is  at  a  unit -deformation  of  the  longitudinal  rods  of  0.0015. 
This, it  will  be  seen  is  the  same  amount  of  deformation  as  that  at 
which  bending  and  other  pronounced  phenomena  occurs.     The  change  in 
bending  occurred  at  a  unit-def ormaticxi  of  0.0015  in  the  rods  that 
were  under  the  highest  stress  but  the  change  from  uniform  distribu- 
tion occurs  only  when  the  rods  in  a  particular  section  reach  that 
deformation;  that  is, the  change  in  the  rods  at  one  section  does  not 
appear  to  affect  the  distribution  of  stress  in  the  rods  of  another 
section.    When  a  change  in  distribution  takes  place  there  Is  no 
particular  horizontal  section  that  has  more  deformation  than  anothei??; 
In  general  though, the  bott om'section  seems  to  have  a  greater  deforma-| 
tion  at  high  loads  than  the  top. 

Distribution  of  Stress  in  a  Horizontal  Plane;     One  of  the 
points  in  the  discussion  of  columns  eccentrically  loaded  is  the 
amount  of  the  eccentiicity .    For  a  column  of  symmetrical  cross-sec- 
tion,the  eccentricity  is  the  distance  between  the  center  of  gravity 
of  the  section  and  the  point  of  application  of  the  load.     If, in  add- 
ition to  the  initial  eccentricity, a  bending  occurs, the  distance  fronj 
the  center  of  gravity  of  the  cross-section  to  the  point  of  applica- 
tion of  the  load  is  increased.     Should  the  eccentricity  be  taken  as 
the  total  distance  or  only  the  original  distance?    With  a  constant 
modulus  of  elasticity , the  eccentricity  would  be  the  sum  of  the  ini- 
tial eccentricity  and  that  due  to  bending, and  the  common  formula 

^  =  p/a  (1  ~  ec/r  )  may  be__cpnsidexed_jt^ 


1 
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of  stress  of  any  fibre . 

In  a  reinforced  concrete  column  the  modulus  of  elasticity  of 
the  concrete  varies  as  the  deformation  varies  but  not  with  a 
straight  line  relation, and  it  also  varies  across  a  section  of  the 
coluian.    Thus  the  center  of  gravity  of  the  resistance  of  a  section 
across  a  column  under  eccentric  loading  is  constantly  changing  as 
the  load  changes.    Under  these  conditions  it  is  impossible  to  say, 
from  theoretical  considerations, what  value  should  be  considered  to 
represent  the  true  eccentricity.     If  we  consider  that  there  is  no 
horizontal  shear  in  the  column, the  eccentricity  must  be  the  horizon- 
tal distance    between  the  center  of  pressure  for  the  applied  load 
and  the  center  of  gravity  of  the  resistance  of  a  section  of  the  col- 
umn.    If , however , we  assume  that  there  is  horizontal  shear  in  the 
column  and  that  this  shear  is  resisted  by  the  the  strength  of  the 
concrete  and  the  action  of  the  spiral, the  eccentricity  may  be  the 
total  distance, the  distance  from  the  center  line  of  the  column  to 
the  line  of  action  of  the  applied  force.     It  is  quite  probable  that 
the  actual  condition  is  somewhere  between  these  extremes, but  at  just 
what  point  has  not  been  determined. 

Under  the  heading  "Comparison  Between  Theoretical  and  Actual 
Values  for  Ultimate  Strength"  there  is  a  discussion  of the  relation 
between  the  actual  and  computed  values  for  the  ultimate  strength, 
based  upon  the  formula  previously  mentioned.    The  close  agreement 
of  these  values  would  indicate  that  the  amount  of  the  eccentricity 
for  the  former  of  the  two  cases  mentioned  is  the  correct  one.  While 
this  may  be  true  so  far  as  numerical  values  are  concerned, it  does 
not  follow  that  the  action  is  as  simple  as  this  would  indicate  and 
therefore  this  relation  could  not  be  applied  indiscriminately. 
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The  curves  for  "Distribution  of  Deformation  on  the  Cross-Sec- 
tion" on  page212  to  235  are  drawn  for  the  top, middle  and  bottom.  On 
page  236  to  243  these  are  combined  and  an  average  for  each  colijmn  is 
plotted.     It  will  be  noted  that  the  lines  cross  each  other  at  a  rat- 
her definite  point  for  each  column.    This  point  is  not  :the  same  in 
all  of  the  columns  but  in  any  particular  one  it  does  not  change  to 
any  extent.    This  point  of  intersection  corresponds  in  a  measure  to 
the  neutral  axis  in  a  beam  and  is  significant  as  indicating  that  the 
action  of  the  column  is  in  this  respect  fairly  constant  throughout 
the  test.    The  location  of  the  neutral  axis  would  be  one  of  the  fac- 
tors in  considering  the  distribution  of  stress  across  the  section, 
but  a  relation  between  its  location  and  the  amount  of  the  eccentri- 
cit?y  is  not  apparent.    While  in  the  different  columns  there  is  con- 
siderable difference  between  the  slope  cf  the  lines  representing 
the  deformation  across  the  columns, this  line  is, in  general , straight . 
In  most  of  the  columns  it  is  straight  at  the  beginning  of  the  test 
and  in  many  continues  so  to  the  ultimate  load.    But  even  those  that 
are  curved  do  not  vary  much  from  the  straight  line.    This  may  be 
said  to  represent  the  average  condition. 

Effect  of  the  Amount  of  Bccentrj city ;        If  the  deformation 
of  any  fibre  of  a  concentrically  loaded  column  be  represented  by 
unity, then  the  ratio  of  the  deformations  of  the  same  fibre  in  col- 
umns loaded  concentrically  and  eccentrically  would  be 
1   :  k(l  -  ec/r  ).     If  the  modulus  of  elasticity  is  constant  the 
value  of  k  would  be  unity.    While  the  strength  of  a  column  may  not 
be  entirely  dependent  upon  the  amount  of  the  deformations, yet  this 
may  be  taken  as  a  convenient  means  of  representing  the  probable 
strength  of  a  column.     If  S'  is  the  ultimate  strength  of  a  column 
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1 


loaded  concentrically    and  S  is  the  ultimate  strength  of  a  similar 
column    loaded  eccentrically , the  proportion  may  be  written 
S  :   S':r  1   :  k  (  1  i  ec/r^  )  o  _  S' 


or    S  - 


k  (   1  f  ec, 

This  is  the  ratio  used  in  computing  the  values  given  in  Table 
VI, page  85, using  a  value  for  k  of  unity 

In  Table  IX  are  given  the  values  for  the  decrease  in  strength 
for  the  different  eccentricities.     The  10-ft . columns  are  more  nearly 
alike  than  the  5-ft. columns  ,but  by  taking  an  average  for  the  differ-| 
ent  columns  a  fair  value  is  obtained. 

TABLE  IX 
Relation  between 
Amount  of  Eccentricity  and  Ultimate  Strength 


Length    Percentage  Decrease  due  to  eccentricity 

in  ft.    Reinforcement      in  per  cent  of  load  carried 

A;  by  centrally  loaded  column. 

 Spiral    Long.        1  in.Eccen.     11/2  Tn.Bccen. ; 


5 
5 
5 

Ave . 

10 
10 
10 
:Ave . 


1 .1 
1.1 
2.2 


1.1 
1.1 
2.2 


2.1 
5.4 
5.4 


2.1 
5.4 
5.4 


27.8 
40.5 
45.0 
36.9 

40.0 
37.3 
55.0 
37.4 


46.0 
43.5 
51 .7_ 
47.1 

44.5 
41.0 
42.8 
42.8 


On  page  264  are  shown  curves  plotted  by  the  formula  given 
above  , using  k  -  l,and  also  the  average  of  the  values  for  all  of  the 
5-ft.  and  10-f t .coluDQns,(   columns  having  2.2^  spiral  and  2.1^  long- 
itudinal are  not  included  because  none  of  this  combination  of  rein-  \ 
f orcement  wasotested  concentrically) .    On  page  265  are  shown  the 
ultimate  strengths  of  the  different  columns  plotted  with  respect  to 
ultimate  strength  and  eccentricity.    The  values  for  zero  eccentricity 


are  t^ose  taken  from  the  tests  by  Mr  .A.  J.  A.  Anderson. 


The  10-ft. 
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columns  gave  more  uniform  results  than  the  5-i  t  .columnvS . 

Comparison  between  Theoretical  and  Actual  Values  for  Ultimata 
Strength  ;       In  Table  VI, page  85, will  be  found  the  values  for  the 
ultimate  strength  of  columns  loaded  concentrically  that  were  similar 
in  every  respect  to  those  loaded  eccentrically.    The  values  given 
are  those  obtained  from  tests  by  Mr  .A.  J*        Anderson.    Under  the 
heading  "Ratio  of  Eccentric  to  Concentric  Load"  are  tabulated  the 
actual  ratios  found  by  dividing  the  ultimate  strength  of  the  columns 
loaded  eccentrically  by  the  ultimate  strength  of  those  loaded  concen-| 
trically.    Under  the  heading  "Computed  Ratio  of  Eccentric  to  Concen- 
tric Load"  the  computed  values  are  tabulated.    These  values  were 
computed  by  the  formula  on  page  263, using  the  average  diameter  of 
the  columns  in  each  set  (out  to  out  of  spiral)  in  computing  the  val- 
ues of  r  for  concrete, and  the  average  distance, for  the  columns  in 
each  set, from  the  center  of  the  column  to  the  center  of  the  longitu- 
dinal rods  in  computing  the  value  of  r  for  the  steel, k  was  used  as 

~  be 

equal  to  unity.     In  all  cases  the  value  of  n  was  assumed  to/l5. 

A  comparison  of  the  actual  with  the  computed  values  shows  that 
there  is  a  fair  agreement  between  them, closer  than  might  have  been 
expected  from  such  non-homogeneous  materials.    The  difference  betweer| 
some  of  the  individual  columns  is  rather  large  but  an  average  elim- 
inates these  differences.    By  taking  an  average  for  each  eccentricity 
the  computed  ratio  for  the  l-l/2-in. eccentricity  is  0.549  and  the 
■   actual  0.549.    With  the  1-in,  eccentricity,  the  computed  ratio  is 
0.649  and  the  actual  is  0.627, or  a  difference  of  3.4^.  Such  close 
agreement  would  indicate  that  for  eccentricities  of  1  in. and  ll/2  in 
the  actual  values  for  ultimate  strength  will  be, in  general , those 
computed  by  the  ordinary  formula. 
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Conclusions :  From  the  data  of  these  tests  it  would  seem 

that  the  conclusions  reached  in  the  preceding  discussion- and  analysis  5^ 
are  justified^  and  the  more  important  points  are  here  briefly  summar- 
ized. 

In  all  that. follows  when  reference  is  made  to  a  column  it  is 
understood  to  mean  an  eccentrically  loaded  column  unless  otherwise 
stated. 

1.  After  the  columns  loaded  eccentrically  began  to  yield  the  ult- 
imate strength  was  reached  much  more  quickly  than  with  the  columns 
loaded  concentrically. 

2.  The  stress  developed  in  the  spiral  at  the  ultimate  load  on  the S 

I 

column  decreased  as  the  amount  of  eccentricity  increased.     In  most  | 

I 

of  the  columns  with  1-1/2  in.  eccentricity  the  elastic  limit  of  the  [ 
spiral  was  not  reached. 

i 

3.  For  5-ft. columns  an  amount  of  spiral  up  to  2.2^  increased  the  ' 

s 

I  ultimate  strength  of  the  column.  | 

4.  With  10-ft. columns  the,  increase  from  1.1,^  of  spiral  to  2.2^ 
had  no  effect  upon  the  ultimate  strength  of  the  column. 

5.  The  increase  in  the  ultimate  strength  of  the  column  for  each 
additional  1  ^  of  spiral  decreased  as  the  amount  of  the  longitudinal 
reinforcement  increased. 

6.  The  stress  in  the  spiral  around  the  circumference  of  the  col- 
umn at  the  center  v/as  not  uniform  but  was  greater  at  the  point  of 
greatest  compressive  deformation.    Due  to  this  change  in  stress 
around  the  circumference  there  was  a  high  bond  stress  developed. 

7.  Because  of  the   low  stress  developed  in  the  spiral  with  10-ft. 

li 

columns  having  1.1^  spiral  and  from  2.1^  to  5.4  ^  longitudinal  rein-  J| 

! spiral  I 
forcement.it  seems  probable  that  0.7  %  to  0.8     /would  be  as  effectives 
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in  increasing  the  ultimate  strength  of  the  colmnn  as  greater  amounts 

8.  Prom  the  stress  developed  in  the  spiral  with  l*in.  and  I-1/2- 

in.  eccentricities  it  did    not  appear  that  spiral  havir^g  a  high 

of 

elastic  limit  would  be/ any  advantage. 

9.  The  amount  of  spiral  had  no  effect  upon  the  load  at  which 
the  rate  of  bending  changed  markedly. 

10.  With  the  IC-ft .columns  no  relation  between  the  stress  devel- 
oped in  the  spiral  and  the  amount  of  eccentricity  was  apparent. 

11.  Longitudinal  rods  slipped  at  a  lower  unit- deformation  with 
the  1-1/2-in.  eccentricity  than  with  the  1-in.  eccentricity. 

12.  The  effect  of  length  upon  the  ultimate  strength  of  a  column 
did  not  appear  to  be  any  greater  v;ith  the  eccentrically  loaded  col- 
umns than  with  those  loaded  concentrically. 

13.  With  a  given  percentage  of  longitudinal  reinforcement  the 
effect  of  length  was  greater  as  the  percentage  of  spiral  was  in- 
creased. 

14.  With  longitudinal  reinforcement  from  2.1;^^  to  5.4/6  the  average 
increase  in  the  ultimate  strength  for  1%  of  longitudinal  was  about 
lOfo  of  the  strength  of  a  column  having  2.1^  longitudinal.  This 
value  was  independent  of  the  amount  of  spiral  or  of  the  length  of 
the  column. 

15.  A  high  tensile  stress  was  developed    in  the  longitudinal  rods 
on  the  east  side  of  the  columns  at  the  ultimate  load.     In  many  of 
the  5-ft .colximns  the  rods  were  stressed  beyond  the  yield  point  of 
the  steel. 

16.  The  critical  point  in  the  strength  of  an  eccentrically  load- 
ed  coliimn  seems  to  be  at  the  yield  point  of  the  longitudinal  rein- 
forcement, in  these  columns  at  a  unit-deformation  of  about  0.0015 
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on  the  extreme  fibre.    The  ratio  of  the  load  at  these  critical  points 
to  the  ultimate  load  was  about  0.72  and  0.84  respectively  for  the 
5-ft.and  10-ft .columns . 

17.  The  distribution  of  longitudinal  deformation  over  the  length 
of  the  column  was  substantially  uniform  up  to  the  yield  point  of  the 
longitudinal  reinforcement. 

18.  The  variation  of  the  longitudinal  deformations    across  the 
column  in  an  east-west  direction  could  be  represented  by  a  straight 
line . 

19.  The  ratio  of  the  ultimate  strength  of  an  eccentrically  loaded 
column  to  that  of  a  concentrically ^column  was  given  by  the  ordinary 
formula  for  eccentric  loading  when  written  in  the  form 

s  =   s;  

(   1  +  ec/r^  ) 

in  which  S  is  the  ultimate  strength  of  an  eccentrically  loaded  column 
S'  is  the  strength  of  a  similar  column  concentrically  loaded,  £  is 
the  initial  eccentricity,  c  is  the  distance  fromthe  center  of  the 
column  to  the  outer  fibre  and  r  is  the  least  radius  of  gyration  of 
the  column. 


Photograph  No.l 
Reinforcement  assembled  and  ready 
to  be  placed  in  forms. 


/ 

/ 
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Photograph  No. 3 
Adjusting  column  in  machine 
Templates  in  place 


I 
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Photograph  No. 5 

View  of  lower  bearing  blocks , turned  through  90^ 

1-in.  Eccentricity 


Notice  the  tilting  of  upper  block 
due  to  the  bending  of  the  column.- 


Photograph  No. 6 

View  of  upper  bearing  block  turned  through  OO 
1 -in. Eccentricity 

Notice  the  tilting  of  the  lower 

block  due  to  the  bending  of  the  column. 


